
VOLUME 26 


NUMBER 4 


The 


MEDICAL CLINICS 

of 


NORTH-.AMERICA 


PHIIADEIPHIA AND LONDON 

B. SAUNDERS COM PANY 

!S3r.-S). 

es u, s. 





CONTRIBUTORS TO THIS NUMBER 


Albert R. Behnke. Jr.. M.D.. Lieutenant Commander, Medical 
Corps, United States Na\y. 

Grant L Bird, M.D.. F.A.C.S., Medical Director, General Motors 
of Canada, Ltd., Oshawa, Ontario, Canada. 

J. J. Bloomfield. Sanitan^ Engineer, United States Public Health 
Service and Chief, States’ Relations Section, Dmsion of In- 
dustrial Hygiene, National Institute of Health, Bethesda, 
Martdand. 

A. L Brooks, M.D., Medical Director, Fisher Body Division, Gen- 
eral Motors Corporation, Detroit, Michigan. 

Robert H. Flinn, M.D., Passed Assistant Surgeon, United States 
Public Health Service, Division of Industrial Hygiene, Na- 
tional Institute of Health, Bethesda, Maryland. 

John H. Foulger, M.D., Ph.D., F.A.C,P., Haskell Laboratory of 
Industrial Toricologt', Wilmington, Delaware; Associate 
Professor of Industrie Health; Medical College of Virginia, 
Richmond, Virginia. 

William M. Gafafer, D.Sc., Senior Statistician, United States Pub- 
Uc Health Service, and Chief of the Statistical Unit, Dhnsion 
of Industrial Hygiene, National Institute of Health, Bethesda, 
Marj'land. 


Leroy U. Gardner, M.D., Director, Saranac Laboratorj' for the 
Study of Tuberculosis of the Edward L. Trudeau Founda- 
tion, Saranac Lake, New York. 


Lydia G. Giberson, M.D., Metropolitan Life Insurance Company, 
New York Gtjt 


Raymond Hussey, M.D., F.A.C.P., Chairman, Medical Board for 
Occupational Diseases, Baltimore, Marydand; Associate Pro- 
fesor of Medicine, University of Maryland School of Med- 
icine; Instructor in Medicine, Johns Hopkins University 
School of Medicine; Attending Physician, University Hos- 
pital; Ph>^ician-in-Chief, St. Joseph’s Hospital. 


Beniamrn F, Jones, M.D.. Passed Assistant Surgeon, Division of 
Industrial Hygiene, National Institute of Health, United 
States Pubhc Health Service, Bethesda, Marydand. 



CONTRIBXrrORS TO THIS NUMBER 


Robert A. Kehoe, M.D., Research Professor, Kettering Laborator>' 
of Applied Physiology', University of Cincinnati College of 
Medicine, Cincinnati. Ohio. 

Wm. John McConnell, M.D., Assistant Medical Director, Metro- 
politan Life Insurance Company, New York City. 

Carey P. McCord, M.D., Medical Department, Chrysler Corpora- 
tion, Detroit, Michigan. 

Carl M. Peterson, M.D., Secretary, Council on Industrial Health, 
American Medical Association, Chicago, Illinois. 

John J. Prendergast, M.D., .Medical Department, Chrysler Cor- 
poration, Detroit, Alichigan. 

Clarence Olds Sappington, M.D., Dr.P.H., Consultant, Chicago, 
Illinois. 

William A. Sawyer, M.D., Medical Director, Eastman Kodak Com- 
pany, Rochester, New York. 

Louis Schwartz, M.D., Medical Director, United States Public 
Health Service, and Chief, Dermatoses Investigation Section, 
Division of Industrial Hygiene, National Institute of Health, 
Bethesda. Maryland. 

Clarence D. Selby, M.D., F.A.C.S., .Medical Consultant, General 
.Motors Corporation. Detroit, Alichigan. 



CONTENTS 

SYMPOSIUM ON INDUSTRIAL MEDICINE 


Page 

997 


InfroducHon 

By Dr. C D. Selby 

999 

Tbe Physician in 

By Dr. Carl .M. Peterson 

Organization and Management of an Industrial Medical Service 1005 
By Dr. A. L. Brooks 

Physical Examinations in Industry * — 

By Dr. Grant L. Bird 

Workmen's Compensation and Medicine 1035 

By Dr. Kaxmond Hussey 

Tuberculosis as a Compensation Problem 1053 

By Dr. C O. Sappington 

Nutrition in Industry 1067 

By Dr. William A. Sawyer 

A Wartime Survey of Industrial Psychiatry 1085 

By Dr. Lydia G. Giberson 

The Measurement of Sickness among Industrial Workers .... 1105 
By Dr. William M. Gafafer 

Fatigue and War Production 1121 

By Dr. Robert H. Flinn 

Prevention of 111 Health in Industry {(45 

By Dr. John H. Foulger 

Methods Employed in the Appraisal and Control of industrial 

Health Hazards |]^| 

By J. J, Bloomfield 

Indoor Environmental Atmosphere and Its Control 1179 

By Dr. W. J. McConnell 

Protective Ointments and Industrial Cleansers 1 195 

By Dr. Louis Schsranz 



CONTESTS 


Pas 

Effects of High Pressures; Prevention and Treatment of Com- 


pressed Air Illness 1213 

By Dr. Albert R. Behnke, Jr. 

The Pneumoconioses 1239 

, By Dr. L. U. Gardner 

Lead Absorption and Lead Poisoning 1261 

By Dr. Robert A. Kehoe 

The Toxic Properties of Selected Less Familiar Metals 1281 

By Drs. Carey P. McCord and John J. Prendergast 

Recent Progress in Aviation Medicine 1303 

By Dr. Benjamin F. Jones 


Cumulative Index 


1331 



THE MEDICAL CLINICS 

of 

NORTH AMERICA 

Volume 26 July, 1942 Number 4 


SYMPOSIUM ON INDUSTRIAL MEDICINE 


INTRODUCTION 


The abilit)’ of industrial physicians to reduce time losses 
from sickness and injuo^ gives them a place of much impor- 
tance in the war program. Hou-ever, the available supply of 
experienced industrial phyacians is limited— in fact, ex- 
hausted— and managements of tvar industries are of necessity’’ 
emplotring general practitioners on either full or part-time 
basis. 


_ Though competent phj'sicians, these recruits are seeking 
instrucrion in order that they may apply successfully their 
medical knowledge to industrial service, hfedical societies and 
medical schools are responding nith short postgraduate 
courses and seminars. 


As a mplemencal means of instruction, the publishers of 
this book have ^de their pages available for this s>*mposium 
on medicme m mdustrj*. 

^ ^ America becomes in realit)^ a 

himself for the 

yport^^ of mdusmal service, as a war effort, or the in- 
dus^ p^-sician who nishes to study as he works. 

of ^^^^“^J’/o^PJ^hensive for reference and perhaos 

“ MuJ/S 

I take advantaoe (”“1* 4is material and 

ioSwtsri , ap «o- 


C. D. Selbt, M.D., 
General IMotors Corporation 


rtnn 






Ti’ Meikd Clir^s of yorth 4??K7Jca 
Kn J>f2. 


THE PHYSICIAN IN INDUSTRY 

CARL M- PETERSON, M.D .• 

PsAcncAL experience has amply demonstrated That mdns- 
trv needs the doctor and that Ae doctor needs mdustr> . 
Certainly, the morker should expect to r^p substantiai bene- 
fits in improved health and earning capadt}' ■vrhereTer indus- 
trial medical service is competently and fairly administered. 
Successful application of sny kind of medical serdce rests 
fundamentally upon the best interests of the individual pa- 
denc, a principle which is as reliable in industry as it has 
alwa)-s proved to be in communin' practice. The purpose of 
medicine in induscrj.', then, is to promote the health and 
phj'sical well-being of even* employee. The means for ac- 
complishing this praiseworthy objective lie in three prindpal 
direcdons: 

1. Prereacoa of dis5£.'« or faijerv in inonsvnr by establisiang proper 

medicd snpardsoa over indoraial materials, processes, en- 

viroaacens and wor'keis. 

2. Health conserrstioa of trorlcers tlaioa^ phracd snperrisDn and 

edncadoa- 

3. Medical and snjpicsl care to restore heslm and esxnins' cspadw 

as piorapdy as po^le foliotting indnsttisl acddear or &sase. 

Large industry has to a considerable extent recogmzed die 
value of these services and has taken steps to av^ itself of 
them. Small and medium sized plants have considered them- 
^Ives unable to support a medical program beyond the med- 
ical or suigical management of conditions for which mdustiy' 
is accountable under the workmen’s compensation starutes. 
Acmally, adequate industrial medical service, mainlv preven- 
nve in character, is greatly needed in this class of ’ establish- 
ment. the more so since it is unrealized and since unfavorable 
sickness or accident experience bears n o rekdon to the nnm- 
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ber of workers employed. These needs, already existent or 
latent, as the case may be, offer a genuine opportunit)’ for 
mescal accomplishment. The Council on Industrial Health 
believes that expansion of medical sen-ice into industries 
shoidd be encouraged and controlled through an educational 
sendee tvhich xtdll: 

1. Convince employers and workers alike, that medical service in 

industry' merits support only if soundly ortjanized cconom- 
icallv, scientifically and ethically. 

2. Acquaint physicians un'th the specid character of industrial medi- 

cine, surgen’ and hygiene, and the necessitj* for the enforce- 
ment of standards defining scope and professional competence. 

It is, therefore, insufficient to delineate medicine’s value to 
industr)’^ in terms of major objectives alone. If a physician is 
attracted to industrial practice, with a \dew towards con- 
tributing to improved physical welfare of workers, it must be 
in accordance udth tvell-defined and specific functions. Some 
plan of organization must be brought within the grasp of a 
practitioner, who at best can devote only part of his time to 
industrial service. Moreover, this plan should be readily ad- 
justable to the accepted patterns of ethical, progressive com- 
munity’ practice. The Council on Industrial Health has given 
much thought to a program of this character. It has, there- 
fore, constructed An Outline for Procedure for Physicians 
in Industry, in which die objectives enumerated above have 
been expanded into a series of recommendations defining in 
some derail die dudes of physicians in industp’ as well as 
new reladonships which go to make up the principal altera- 
tions in professional approach between private and industrial 
practice. 

Medical and Surgical Care 

The earliest and still most commonly encountered require- 
ment for medical semce in industry is for competent man- 
asement of the individual worker suffering hom compensable 
iUness or injuryL As a rule there is little disposirion by cm- 
plovers to assume any responsibUity for treatment beyond 
this' point. Since this relationship represents the principal 
point of contact benveen industry’ and the physician, it is 
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well to recosnize at once that the ideal result is one which 
restores the disabled worker to his former eanmg capaat) 
in the same line of work without unnecessary^ delay. As has 
already been indicated, a real distinction must be drawn be- 
tween treatment of compensable as against non-compensable 

Treatment of injuries or diseases not industrially induced 
is a responsibility of private medical practice from_ which the 
phvsician in industry* should abstain. The principal excep- 
tions refer to minor ailments which temporarily interfere 
with an employee’s comfort or ability to complete a shift, 
and urgent sickness occurring during working hours upon 
the working premises. Such atuarions demand attention by 
the physician in industry until notification of the family 
physician relieves him of further responsibility*. 

The industrial physician may also very* properly* assume 
responsibility for rehabilitation after disability* in those pa- 
tients who readjust best under controlled working condi- 
tions. The medical profesrion contends ako that a worker 
disabled in industry* should be free to choose his phy*sician 
from all those licensed doctors of medicine competent to 
supply* the regular services except where a third party has a 
valid interest or intervenes. 


PrevenHon (Preventive Industrial Medicine) 

The phyacian in industry*, if present trends continne, will 
assume more and more the status of health officer to the 
pimt. Recognition and control of unhealthy or unsafe indus- 
trial situations is the dominant factor which establishes the 
physician's value to improved industrial operation. He must, 
therefore, acquamt himself by regular mspecnon with all 
materials and processes used in ffie workup environment 
over which he has supervision to the end that he may recom- 
mend proper protection of employ-ees from conditions ac- 
tually or potentially harmful. 

1 Y manner, physical exaimnauon has come to be 
looked upon as an essential procedure in bdnsm* to assure 
placement of workmen and provide protection against 
diseases onginatmg in or unfavorably influenced by ocrapa- 
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tion, and ^so to establish the occupational or non-occupa- 
tiond origin of disability. Without this prop to lean upon, 
medical service in industrj* is very considerably handicapped. 
To fulfill their requisite function, placement examinations 
should be reasonably complete and should be used only for 
the purpose of ^igning tvork adjusted to the physical ability 
and mental aptitude of applicants and to maintain safe and 
healthful employment for all workers. Subsequent physical 
examinations should be complete enough to provide positive 
health protection for all workers and to safe-guard public 
tvelfare. Records of these examinations are confidenrid and 
access to them should be granted only upon request or con- 
sent of the examinee. He should be informed of the results 
of e.xaminacions and steps should be taken to refer conditions 
needing correction to the physician of the worker’s choice. 

Health Conservation 

These same recommendations in respect to physical ex- 
aminations are equally applicable to a program of health con- 
servation. Based on his own findings, the physician’s recom- 
mendations can supply much needed instruction to workmen 
about healthful living both in and out of the industrial en- 
vironment. 

Other Relationships 

Many factors, social and economic as well as medical, tend 
constantly to modify these principal relationships of the 
physician in industry. There must be suitable adjustment 
with the employer, the employees, professional aides like 
nurses and first-aid men, with consultants and official agen- 
cies. The unmistakable tendency, however, is to rch' on pre- 
vention as the cardinal principle for reducing lost time and 
increasing earning power among employees. Further expansion 
of medical service to indusm' on any considerable scale will 
depend squarely on the ability of the indiridual practitioner 
to cfrasp this concept. If this status is realized, there will be 
oradual but steady reduction in remedial sendee now sup- 
plied in one or another of the prorinces of industn.al medi- 
cine and traumatic surger>'. Many physicians in mdustn- 
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have already amply proved their abilit}’ to provide more and 
better preventive medicine by emplomng the methods, 
equipment, and special informarion usually classified under 
industrial hygiene and industrial health administration. It is 
through such measures that the best interests both of those 
who supply and those who receive these services will be most 
fittingly realized. 
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ORGANIZATION AND MANAGEMENT OF AN 
INDUSTRIAL MEDICAL SERVICE 

A. L. brooks, M.D.* 

Medical acrivit}' at the Fisher Body Dhdsion of the Gea- 
eral Motors Corporadoa was begun just before our entp' 
into AVorld War I. Of course, at that ^e, many of the 
plants now in operation had not been built. A^Tiat is now a 
great Division was then a small Corporation. There was 
Httle standardization of medical service as it came into being. 
Improvements had to be made on the basis of trial and error. 
But there were at the head of the business men who were 
deeply interested in the welfare of every employee. They 
knew the workers by their first names; they worked with 
them, knew when they were sick, injured, or in trouble; 
and they generously approved ever>' reasonable effort that 
was put forth on their behalf. Without this support, progress 
would have been impossible. 

Many modifications in the medical semce, however, were 
brought about by changes in the products btult, the materials 
used, the mechanical processes, by legal requirements relat- 
ing to accidents and occupational diseases, and finally by a 
broader conception of the principles of preventive medicine 
and what we may term “Industrial Public Health.” There 
are now more than a score of manufacturing units distributed 
from coast to coast. The medical departments of these are 
under the direct supervision of twent}--four physicians, all 
but three of whom are on a full time basis. There are seventy- 
five registered nurses and a dozen male attendants besides 
x-ray technicians and the necessar)* number of record clerks. 

Coxpoxation, 
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ffiraries, and other indosmal concems wMch hare had help- 
H erperiencea. The doctoia (aa a ponp) “T f 
self-educated men in matters of mdustnal medicine. M ± 
hare missed some of the finer pomts xrhich xre hope ma> 
one dav be more senerallr available, they have developed 
along practical lin« and have been guided by sound prm- 

ciples. , 

The phracians are successful in the degree that they pos- 
sess ambition, imagination, interest in the employees and wil- 
linsness to cooperate in furthering the success of the enter- 
prise. Some of them have had to forego to some extent the 
opportunity to advance in the specialties in which they may 
once Save had a special interest. This is pamcularK true in 
surgery which has become relatively less important as safety 
efforts have curbed accidents. 

On the other hand, with this change has come a broader 
conception of the opportunities in preventive medicine. This 
trend has grown slowly but it is advancing on a ver>* secure 
footing. 

The Nurses and Record Clerks 

The industrial nurse is the object of contiderable attention 
at this time. The nurting organizations have been active in 
outl ining her qualifications and making suggestions for guid- 
ance in her activities. Gone are the days when a nurse was 
assigned to plant medical work because she happened to be 
a relative or friend of the superintendent’s family. She is 
chosen by the physician if and when she can satisfy him that 
she possesses tiie quafities needed — education, profestional 
training, good health and habits, and either proved abilitj* 
m the industrial field or promise of attaining that ability. 
Fct of them are experienced in industrial medical work 
u en first emploi ed. In fact, industrial experience is not 
heavily weighed in most instances. 

intelligent, weU trdned nurse should begin to be valu- 
able to the department at the end of the fi^ month. She 
contou^ to improve as long as she remains in this kind of 

flnv responsibilin- as 

ant other nurse m relation to caring for ill or inj^d 
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NATURE OF MANUFACTURING PROCESSES 

Some of these plants work a single eight-hour shift daily 
while others have tAvo or three shifts. Prior to the outbreak 
of the present war they were engaged chiefly in fabricating 
steel panels and other structural parts, or the upholstery of 
automobile bodies. One plant made all the hardware while 
several were essenriaUy assembly units. Other plants built the 
tools and dies. Still others were engaged in research and ex- 
perimental work only. 

There were stamping, welding, painting, grinding, polish- 
ing, plating, and sewing processes, together with a great 
many others of equal importance. Likewise there w^ere ex- 
posmres to heat, electricity, high speed macliinery, and sol- 
vents as in any other similar industIy^ To control these 
exposures, hundreds of thousands of dollars are expended an- 
nually to provide proper heat, ventilation and light, to guard 
machines, to educate the employees in safe practices, to afford 
personal protection by the use of respirators and goggles. 
In this w'ork the medical department has a direct interest, and 
the object alw'ays is to provide for the employees safe and 
w'holesome places in which to W'ork. 

PERSONNEL OF AN INDUSTRIAL MEDICAL SERVICE 
The Doctors 

The sj'stem as it stands today may best be considered under 
the main heads of personnel, equipment and operation. As 
mentioned above, all but three of the physicians devote all 
their time to the units wdiich they serve. Some of them had 
been engaged in private practice before taking up industrial 
w'ork, wliile others are young men who, because of special 
interest in industrial medicine have gone directly from hos- 
pital connections to our organizations, usually beginning as 
an assistant to one of the more e.xperienced physicians and 
then being transferred as new' units arc opened up or as 
other changes are made. 

Most of these men have not had the benefit of any exten- 
sive special courses in industrial medicine. They arc, how- 
ever, located generally in cities where there arc abundant 
sources of information such as medical schools, universities, 
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libraries, and other industrial concerns wWch have had hel^ 

M eEperienc^. The doctors (as a ^onp) ina> be sard to be 
self-educated men in matters of indnstnal medicine. If * . 
have missed some of the finer pomts which we hope may 
one dav be more generally available, they have developed 
along practical lines and have been gmded by sound pnn- 

'^The physicians are successful in the degree that they pos- 
sess ambition, imagination, interest in the employees and wil- 
linaness to cooperate in furthering riie success of the enter- 
prise. Some of them have had to forego to some extent the 
opportunity to advance in the spedalries in which they may 
once have had a special interest. This is particularly true in 
surgerv which has become relatively less important as safetv* 
efiorts have curbed accidents. 

On the other hand, with this change has come a broader 
conception of the opportunities in preventive medicine. This 
trend has grown slowly but it is advancing on a ver\' secure 
footing. 

The Nurses and Record Clerics 

The industrial nurse is the object of considerable attention 
at this time. The nurring organizations have been active in 
outlining her qualifications and making suggestions for guid- 
ance in her activities. Gone are the days when a nurse was 
assigned to plant medical work because she happened to be 
a relative or friend of the superintendent's f amil y She is 
chosen by the physician if and when she can satisfy him that 
she possesses the quahties needed— education, professional 
nmning. good heal^ and habi^ and either proved abilin* 
in the industrial field or promise of a t raining that abilit\'. 
Few of them are experienced in industrial medical work 
when first employed. In. fact, industrial experience is not 
heavily weighed in most instances, 

An intelligent, well trained nnrse should besin to be valu- 
able to the department at the end of the fi^st month. She 

^ in this kind of 

ai^vh,I^Pr responsibility as 

ant ober nurse m relanon to caring for ill or injied 
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employees, and in addition, like the doctor, she acts as a 
representative of her employer in promotion of the risht 
employer-employee relations. 

Our observation of contacts between workmen and nurses 
convinces us that in praccicall\' every* case there is a feelinsr 
of confidence in and respect for the nurse. A\Tien this rela- 
tion does not exist, steps are taken immediately to determine 
the cause, and correct the condition. 

All excepting the smallest units require the services of one 
or more record clerks. These are usually girls who have 
special training. They have to become famih'ar with medical 
terms which is no small accomplishment. They must know 
how to get the right information from the employees, set it 
down, and keep all records filed so that years afterward they 
may be brought out if required. They must know how to 
handle sick, tired, and injured men. A good receptionist may 
be a deciding factor in the question whether men will be 
willing to patronize the hospital when they should or avoid 
it as a pestilence. 

QUARTERS AND EQUIPMENT 

^^*e are guided in our selection of quarters and equipment 
by the same principles that have found favor in the .-^rmy. 
TTiat is. we must have sufficient space in a well chosen loca- 
tion. and we must have suitable medical and surgical furm- 
ture, instruments, and drugs, and substantial and convenient 
office equipment— nothing more, ^^'e beheve that fancy gad- 
gets have no place in industrial medical departments. 

Location .— quarters should, if possible, be on the first 
floor. This is for the obvious reason that most employees arc 
found on the lower floors of the plant, as a rule, because of 
practical manufacturing economy. Then, too, the trend is 
more and more in the Section of one-stoiy plants. Certain 
administration offices funcrion best when detached from the 
activiries of the bulk of the employees, but not so mjh the 
medical department. There is but one objecrion to having 
the medical um't close to manufacturing, and that is the noise 
and vibration that goes with most such acrirines. If this is 
excessive it is well to have one well isolated room for speaal 
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examinations. A room that is almost completely sound proof 
was obtained in one of our plants by the simple expedient o 
constructing eight inch bsulated walls, ceihng and doors, it 

is used often to great advantage. 

Employees should not be asked to cross a busy street to 
reach the medical unit because of exposure to trafhc hazards. 
Any considerable distance out of doors would also be ob- 
jectionable on account of exposure to inclement weather. 
Then, too, there are always a few men who might take ad- 
vantage of a long trip to the hospital as a means of an ex- 
tended period of relaxation and recreation and the pleasant 
but none-the-less unnecessar>' solace of the “weed.” 

Floor Space.-VJt know there is a certain irreducible 
minimum with regard to floor space. The plant of 1000 em- 
ployees udil not require as much space as that having 5000, 
but it utII require probably half as much. If both men and 
women are employed, there utII be need of more space for 
their segregation in both examination and treatment. Em- 
ployees tend to congregate and compare notes and become 
unduly concerned with their neighbor’s woes, but a few 
private dressing rooms tend to prevent this besides affording 
great satisfaction to those who desire to keep their affairs to 
themselves. Our eye cases are never treated in a general 
treatment room but in a small, quiet room which can be 
darkened and kept scrupulously clean. Likewise, no infected 
cases are ever allowed in the small operating rooms where 
w^e may have occasional tenorrhaphies or amputations. 

Ultraviolet, infrared, and diathermy treatments are often 
done in rooms used at times for general examinations and 
treatment. Probably 80 per cent of all cases, both surgical 
and medical are handled in the large general dressing rooms 
without embarrassment. This makes for faster and more effi- 
cient wnrk. These general rooms are usually about 20 by 30 
feet. K smaller, we experience crowding, but if too large 

mendmc on the part of die 

Arrangement of Qumers.-\Y^ have tried out twm general 
plans of arrangement m the larger plants, one in which there 
IS a long comdor, flanked on either side by small specif 
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rooms, _ and the other in which the large, general treatment 
room is surrounded on all sides by the smaller rooms. In 
general, the latter is the favored plan where possible. The 
former, however, does give us a ma.vimum of natural h’ghting 
and ventilation when ranged along the outside of the build- 
ing as they always are. 

FIe?or.-~We have very definite convictions regarding the 
type of floor that is desirable. We avoid if possible the tile 
or other hard floors because they needlessly tire the attend- 
ants. The heavy rubber tile, usually laid in squares from sit 
inches to a foot in dimension, generally dark in color but 
irregularly mottled with a second color, are noiseless, com- 
fortable to stand on, easily cleaned, do not show grease 
smudges from employees shoes, and present no skid hazards 
to the men on crutches. 

General Remarks.— Fartkions are best built up of metal 
panels although opaque glass is often used to secure improved 
lighting. Good air is provided in some units by having high 
ceilings and lower partitions except when greater privacy is 
required as in the doctor's office where consultations may be 
held. In the general treatment room, the men are seated while 
being treated. If the hand or arm is involved, the member is 
laid on a oDhite enameled table 16 by 40 inches, the attendant 
standing on the opposite side from the patient. A dressing 
cart at the attendant’s side carries an assortment of supplies 
that are usually suflicient, and adhesive in various widths is 
pulled off spools attached to the table. Substantial equipment 
made by reliable houses which was bought nventy years ago 
is still in use and has depreciated scarcely at all in appear- 
ance and value. We are convinced that bargain counter 
equipment has no place in our medical departments. 

X-ray equipment capable of producing good chest films 
with an exposure of one-tenth second arc used. We have not 
as yet adopted the photofluoroscopic method for the reason 
that we believe we might wish to make so many checks on 
the small films that numbers of the larger ones would be 
used and thus not reduce the cost. Storage of die large films 
has been no serious problem in our plants, even those which 
employ up to 10,000 men. 



^LVi^AGE^IE^^T OF tS-ptr^TBIAL MEDiaAL SER^^CE 1011 


^Ye do not resularly have equipment for doing elecuo- 
cardiooraphic and basal metabolic tvorlc because condiaons 
requir^ this trould be of a medical nature and should 
properly be die field of the nonindustriai internist. 


OPERATION OF THE MEDICAL DEPARTMENT 

The phut doctor in evert' case is responsible for the opera- 
tion of his medical department. He generally anstvers directly 
to the readent manager, or occasionally to fhe personnel 
director tvho has charge of employment, insurance, safen*. 



Fig. 152.— Gening data for 3 record. 


welfare, compensation and allied interests. There is a medical 
director zt the home office whose function is to correlate, 
^d^dize. and integrate the activities of the various units. 
In tins way, any access that is achieved in one place mav 

- 

all the pauents himself at each visit. Therefore standir 
ordm are employed by rrhich notses may be iSd 
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there is any quesnon in the nurse’s mind, the doctor’s advice 
is asked. Even in apparently simple cases it is a general prac- 
tice for the nurse not to treat a patient more than once be- 
fore the doctor’s attention is called to his case. 

Physical Examinations 

In discussing the operation of the medical department, it 
seems logical to begin tvith physical e-vaminadons. ^^'e list 
four U'pes of these as pre-employment, periodic, occupa- 
tional. and casual. 



Fig. 153.— .An imporunr nutter. 


The pre-eiiiployvieiit exenmnation is somewhat more thor- 
ough than it was a few years ago. The roudne calls for a 
vision check by means of Snellen charr, projection, or one 
of the now popular optical instruments which gives some- 
what more information than the previous methods. Head and 
neck, chest, heart, blood pressure, evtremities, are done in 
the usual manner, followed in new employees by chest x-ray, 
urinalysis, and Kahn test. The station and gait are noted, and 
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casual conversation usually throws some^ light^ on the per- 
sonalit)'. The vision checl^ x-ray, and urinalysis are usually 
done by an assistant while the remainder of the examinanon 
is done by the doctor. 

The whole procedure requires something like twenty 
minutes per man. The findings are noted on a 5 by 8 inch 
card which has sufficient space for six examinations. A posi- 
tive Kahn is always repeated. If it remains positive the appii- 



Fig. 15-i.~Is he eligible for employment? 


cant may be employed only if he has no chnical signs of 
J-phihs and he faithfully lives up to an agreement to 
^g proof that he is receiving adequate treatment regularlv 
tiom his physician or clinic. Questionable chest plates are 
examined by a roentgenologist. If any conditions are dis- 
covered which should be treated, ffie applicant is urged to 
consffit his phj'sician, and should he be employed, the plant 
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The plant physician does not, himself, decide \\’hether the 
candidate shall be employed, but adnses the employment de- 
partment as to his eligibilit}'. Naturally, the relation of the 
physician and the employee being of a confidential nature, 
the details cannot be isclosed but sufficient informadon can 
be given to enable the employment manager to make a 
proper decision. A man may be employed who has certain 
defects which limit his acriviries. This information is relayed 
to the foreman so that he will not require him to do hea\y 
or hazardous tasks. 

The purpose of the pre-employment examination is not to 
reject the unfit, but rather to classify and place all employees 
on jobs where they utill be successful and u^here they and 
their fellow workmen will be safeguarded. There has never 
been any objection on the part of the employees to such ex- 
aminations. On the other hand, -we frequently have e.vpres- 
sions of gratitude when defects of which the men have no 
knowledge are brought to their attention. 

Periodic exavihiations are designed for all employees who 
have worked so regularly without layoff, reliire, illness or 
accident that they have not had cause for examination for a 
year or more. These examinations are not done at exactly 
the termination of the first year but as soon as possible after 
the end of the year, the men being called in by departments. 

Regular occupational exavimatioin are done on all em- 
ployees who are considered to be engaged in any work wliich 
involves unusual or harmful exposures. Examples of such 
would be fumes or dusts of the toxic metals, silica dust, and 
some of the solvents. These periodic examinations arc made 
usually at monthly intert’als, although in cases where the ex- 
posure is considered to be usually well controlled, the inter- 
val might be longer. 

Carnal exaviinations may be made upon the request of 
employees A-ho desire the ad^tice of the plant physician. Like- 
vise, any man who has been off work because of illness or 
accident is e.xamined before returning to work. The great 
number of these casual examinations reduces the need of 
periodic examinations. 
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Rouflne Dufies 


The routine trork of the medical department includes the 
care of the injured and sick. AVe mention injuries first be- 
cause despite a remarkable decrease in accidents over the past 
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155. Is diis frscttired^ 
decade, there are criii .. 

in some cases the sole reason f ^ medicine thi 
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be thought of as essentially traumatic surgerj". The situation 
has changed to such an extent that the minor surger}' done 
in the plants requires far less of the doctor’s time than the 
medical work. 

The greater part of the medical work consists of cases 
which are personal. The only excuse for their demand on the 
physician’s time is that they are of such a minor and tem- 
porary nature that they would never reach the family 



Fitr- 156.— Equipmcm, though plain, is semccablc. 


physician. It is easy to understand that an employee would 
consult a doctor if he had but to quit work a few minutes, 
and go into the medical department on company time and 
receive attention, without cost. Doubtless this pnvilcge is 
often abused, but occasionally a condition comes to the .at- 
tention of the doctor which is ver>' important. A few words 
of advice and instructions to report immediately to his family 
physician may forestaU serious sequelae. 

There is also the public health aspect of industrial viedi- 
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cim. Onr pIiA'sicians are charged Tvith the responsibditA o 
inspectiiig Arorking conditions as heat, light, ventilaaon. and 
dust. There are available to all units the services of a depart- 
ment of industrial hygiene, maintained by the compam, 
whereby dust counts and so on can be had upon requesn 
The "doctor also keeps informed on possible occupMonal 
disejss exposures and may collaborate with the State Dep^- 
m'ent of Industrial Hygiene and. in fact, sometimes receiv^ 
information from the bureaus of other states, the U. S. Public 
Health Service, and the National Institute of Health, and 
other authentic sources. 

The doctor s examinations, both routine and casual some- 
times reveal infectious diseases which might, if unchecked, 
involve healthy persons. He works closely with the local 
Board of Health in reporting diseases, in following cases of 
tuberculo^. and in recommending vaccination. W e believe 
that this activitv' is one of the reasons why statistics on non- 
industrial ilhess among our employees are considerably better 
than for the countrv- as a whole. 

Records are kept on all the activities of the medical de- 
partment. These are necessaiy for the purpose of folioviing 
health trends as modified by environment and are of par- 
ticular importance to the safetv' department and the claims 
department, hlost of the record work is accomplished during 
the day. During the second and third shifts, notes are made 
in pencil to be tv'ped on permanent records the next day. 

An active attendant on a bu^ shift may care for as manv 
as seventy-five minor cases in eight hours. The less bus}' 
night shifts are utilized in part by the preparation of supplies. 
\\ e have not employed viaring nurses although the doctor 
makes some house calls. .Most of onr physicians prefer to 
send their major surgerv- to able surgeons in their communin'. 
On the other hand, they have become most proficient in 
vnnor surgery, plastic repairs, and tenorrhaphies. These are 
done under local anesthesia at the plant hospitals. 


The Industrial Doctor in the Present Crisis 

As m example of the doctors cooperation in affahs which 
are jomdy the responsibilin- of industrv- and the commumt>-. 
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we cite the effort now being made on behalf of Home De- 
fense. Here, the physician is in a particularly good position 
to render important sendee in case of a catastrophe in his 
plant or his neighborhood. To this end, first aid stations arc 
being set up, extra supplies provided and plans made for 
segregating and transporting the more serious cases, and 
treating the minor ones. First aid squads are being recniited 
and trained for primary’ first aid work in the units. These 
squads will engage in rescue work and transportation to the 
plant medical department where appropriate care can be 
given. 

Our doctors and nurses are on the alert. Some of them 
have joined the armed forces. The remainder are taking up 
the task of helping to provide tlie means of victor}". There 
are no complaints, no feeling of self pitj' if the hours be 
long and the work hard. They are grimly happy to give their 
entire energy vith that typical American spirit w’hich guar- 
antees success. 



The Medical Climes of Korth America 
July, 1942. 


PHYSICAL EXAMINATIONS IN INDUSTRY 
GRANT L. BIRD, M.D., F.A.C.S.' 

Esajiecatioxs carried out by an industrial mescal service 
noil vary greatly with the size and character of the industrj’-, 
as well as the extent to which the executives of that par- 
ticular industr}' propose to carrj’’ out a health program. In 
many small industries, and in some larger ones, this health 
program does not in realit}'' include any medical service but 
is confined chiefly to the diagnosis and treatment of indus- 
trial injury, which belongs to a sui^cal rather than to a 
medical sendee. In any well-organized medical service pro- 
vision should be made for physical examinarion of all em- 
ployees. Physical examinations may be classed under pre- 
emplo)Tnent, periodic, and postsiclmess procedures. 

1. PHYSICAL EXAMINATIONS— PRE-EMPLOYMENT 

[a] Purpose 

The advent of compensation laws making indnstt)* respon- 
sible for injur)’- to employees has led to the inauguradon of 
physical examinarions for the purpose of ascertaining physical 
fitness and eliminating urmecessarj' costs which would result 
from the emploj-ment of poor physical risks. The advent of 
insurance and sick benefit schemes has likewise been a stimu- 
lant to physical examinations for the purpose of establishing 
the standing of employees as insurance and sick benefit risks. 
Both these reasons for examinarions are perfectly legitimate. 
In an) -n ell balanced health program, however, the most im- 
portant value of pre-employment physical examination is the 
(^ect benefit to the prospective employees, as these examina- 
nons draw attention to defects w’hich may be improved by 

^Medical Director, General Motors of Canada, Ltd, Oshatra, Ontario, 
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treatment or by preventive measures. Pre-emplo>Tnent ex- 
aminations also assist in placing an employee at the tj’pc of 
work for which he may be best fitted and competent to 
carry out. 

The standards of most, although not of all companies, pro- 
hibit the employment of certain applicants. The rejection of 
certdn applicants may at first thought appear not to be 
scrxting the community fairly. On the other hand, careful 
investigation reveals that there is a direct purpose sensed, par- 
ticularly to the applicant who, if employed, would be a 
menace to liimself, to his fellow employees, or to propert}'. 
Rejection of an applicant may not mean that he is unem- 
ployable. For the industry or the particular position con- 
cerned, however, it signifies that he is not a desirable em- 
ployee. It is the duty of the medical examiner not only to 
find out if the applicant is a desirable employee but also to 
evaluate his physical condition and mental standing for job 
placement. In order to do this, the physician must understand 
intimately the industry and have a worldng knowledge of 
plant activities, job requirements, and hazards. 

(b) Benefits 

The benefits which accrue to industry from pre-employ- 
ment physical examinations may be summarized as follows; 

(1) The proper placement of employees tends to greater 
efficiency and greater safety, 

(2) Unjustifiable claims for compensation, or insurance, 
for conditions which existed prior to employment are to a 
great extent avoided. 

(3) Fellow employees are protected ag-ainst contagious 
diseases. 

(4) Loss of time from prolonged disabilit)^ or illness duo 
to preventable diseases or diseases which may be created is 
definitely reduced both by rejection of undesirable employees 
and by placing under care those who may be improved by 

treatment. j • r 

(5) The pre-employment e.\aminarion record is or specific 
value to the employer for future reference and cornparison. 

(6) The selection of applicants, physically suited for 
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their duties, materially reduces emplo>-meQt, training, and 

production costs. _ • j- -j ? 

The benefits or advantages accruing to the tndividml or 
prospective employee by the pre-employment esanunaaon 
may be summarized as foUoAA'S: 

(1) A carefully performed physical examinaaon conveys 
to the prospective employee a sense of security- and satisfac- 
tion in his job. 

(2) Examination provides him with a knowledge of his 
physical disabilities, nith which he may or may not^ be 
familiar. He may have an early diabetic or chest condition, 
etc., which by proper care may be quite amenable to treat- 
ment. 

(3) The examination and its accompanying recommenda- 
tion places him in a position which he should be able to fiill 
adequately and safely, nith greater profit to himself and to 
his employer. 

(4) The carefully recorded findings of a physical exam- 
ination may be of value to him for future reference in case 
of accident or of any insurance disputes concerning previous 
existing conditions. 

(c) Methods 

Physical examinations for employment should be carried 
out before there is any specific engagement or contract be- 
tween the employee and the employer. Examinations made a 
few hours, a few days, or a few weeks after employment, 
and pamcularly after the employee has started work, are un- 
likely to prove satisfactor)'. If it then becomes necessar}' to 
decline further employment or to change occupation, it be- 
comes embarrassing both for the employee and employer. 
This delayed procedure also defeats some of the purposes of 
physical examinations in that the employment training and 
the production costs have not been protected. 

Many methods and routines for examinations are in use. 
Alost of these obtain the same results. It is advisable, how- 
ever, for each medical service to establish its own routine 
endeavoring wherever possible to make use of lay assistants’ 
elnmnatmg wherever possible confusion and loss of time. The 
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treatment or by preventive measures. Pre-employment ex- 
aminations also assist in placing an employee at the type of 
work for which he may be best fitted and competent to 
carry out. 

The standards of most, although not of all companies, pro- 
hibit the employment of certain applicants. The rejection of 
certain applicants may at first thought appear not to be 
serving the community fairly. On the other hand, careful 
investigation reveals that there is a direct purpose served, par- 
ticularly to the applicant who, if employed, would be a 
menace to himself, to his fellow employees, or to property. 
Rejection of an applicant may not mean that he is unem- 
ployable. For the industry or the particular position con- 
cerned, however, it signifies that he is not a desirable em- 
ployee. It is the duty of the medical examiner not only to 
find out if the applicant is a desirable employee but also to 
evaluate his physical condition and mental standing for job 
placement. In order to do this, the physician must understand 
intimately the industry and have a working knowledge of 
plant activities, job requirements, and hazards. 

(b) Benefits 

The benefits which accrue to industry from pre-employ- 
ment physical examinations may be summarized as follov's: 

( 1 ) The proper placement of employees tends to greater 
efficiency and greater safety. 

(2) Unjustifiable claims for compensation, or insurance, 
for conditions which existed prior to employment are to a 
great extent avoided. 

(3) Fellow employees are protected against contagious 
diseases. 

(4) Loss of time from prolonged disability or illness due 
to preventable diseases or diseases which may be treated is 
definitely reduced both by rejection of undesirable employees 
and by placing under care those who may be improved by 

treatment. _ _ j • r -c 

(5) The pre-employment examination record is or specific 

value to the employer for future reference and comparison. 

(6) The selection of applicants, physically smted for 
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thdr duties, materially reduces emplotTnent, tmmug, and 

adrantases accruing to tlte v)JhJdujl or 
prospective employee by the pre-emplotunent examination 

mav be summarired as follows; _ _ 

(1) A carefully performed phyrical examination contCAS 
to the prospective employee a sense of security and sansfac- 

tion in his job. _ 

(2) Examination provides him with a knowledge oi ms 
pht'rical disabilities, with which he may or may not be 
familiar. He may have an early diabetic or chest condition, 
etc., which by proper care may be quite amenable to treat- 
ment. 

(5) The examination and its accomp.in\dng recommenda- 
tion places him in a position which he should be able to fill 
adequately and safely, until greater profit to himself and to 
his employer. 

(4) The c.irefully recorded findings of a pha-sical e.xam- 
inadon may be of value to him for future reference in case 
of accident or of any insunmce (fisputcs concerning previous 
exisdng conditions. 

{c] Methods 

Phtnical examinations for emploiTnenc .should be c.arried 
out before there is any specific engagement or contract be- 
nveen the employee and the employer. Examinations made a 
few hours, a few daa-s. or a few weeks after emplo^'inent, 
and particularly after the employee has started work, are un- 
likely to prove satisfactora'. If it then becomes necessary to 
decl’me further emplotTuent or to change occupation, it be- 
comes embarrassing both for the employee and employer. 
This delayed procedure also defeats some of rite purposes of 
physical ex.iminarions in that the emploAtnent trainins and 
the production costs have not been protected. 

Many methods and routines for examinations are in use. 
Most of these obtain the same results. li is advisable, hove- 
e.er, for eaih visdiej] service to cstabiish its oxvu routine, 
endravoring wherever popible ro make use of lay assistants! 
elimmatmg wherever possible confusion and loss of rime. The 
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prevention of loss of time becomes a very essential factor in 
peak employment periods and in industries where the turn- 
over of labor is large. The use of assistants such as nurses, 
male nurses, medical clerks, etc., in carrying out the pre- 
hminarj’^ portions of examinations is both quite permissible 
and time saving. The use, however, of assistants in making 
actual physical examinations should not be coimtenanced 
under any consideration. Physical examinations proper 
should be earned out only by adequately trained industrial 
physicians. Male and female nurses and well trained attend- 
ants, with adequate training, are quite capable of obtaining 
much of the medical history and completing certain pre- 
liminary examinations, as well as carrying out most labora- 
tory procedures— thus permitting the physician to devote his 
time to the essentials of the physical examination which 
cannot be carried out by attendants. In the case of female 
employees, this preliminary work can best be done by a 
well-trained nurse. In industries employing a large group of 
female labor, thought may well be given to the employment 
of women physicians. Although women have not found a 
large place in industrial medicine, this is one phase of an 
industrial medical service which they cover extremely well, 
senting both the industry and the prospective employees 
much better in many cases, than does the average male 
physician. 

Outline of Procedures.— The foUoiving outline of pro- 
cedures is not necessarily a perfect one, but is one which has 
given very satisfactory results. 

Freliimnary Examination —h. prospective employee, mak- 
ing application for a position and having been found by the 
interviewer in the employment department to have the neces- 
sary qualifications, is provided ivith a simple form which 
requests a medical examination. This is sent vdth the pros- 
pective employee to the medical din’sion. Here he is received 
by the medical clerk, or nurse, tvho by trainmg is capable of 
obtaining considerable history and completing certain pre- 
liminary examinations, using the regular medic^ records of 
that industry, an example of which is shown in Fig. 157. 

In this preliminary e.xamination the applicants name, ad- 
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dress, proposed clock member, proposed ocenpatioa, dep^- 
ment, aae, faroilv histon.', record of past emploA^ent, lUn^, 
and inim' are recorded. In certain v,ycs of mdosenes a to- 
ton- of s^ibiecdve findings of the various sN'stems should be 



specifically recorded. Subjective histories of many applicants 
nho are anaonsly awaiting employment are fiequentlv of 
little value. This does not mean, however, that this studv for 
employees approaching specific plant hazards should not be 
carefoUy taken, even though negative answers are given. 
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Good training of the nurse, or medical clerk, in obtaining 
this subjective history is quite essential, particularly in the 
t^e of a diplomatic approach by way of a weU-planned ques- 
tionnaire. The record of past employment and injuries is 
usually readily given and is often of real value. 

The medical clerk, or nurse, then takes the applicant’s 
weight, height, and vision tvith and vnthout glasses. In ob- 
taining the vision of prospective employees for duty as 
laborers in the construction trades, in the heavier mechanical 
trades, and line workers, the use of the Snellen cards and 
Jaeger near-vision cards, or h’ghted modifications of these, are 
probably the most satisfactor)^ For prospective employees 
for office duty, railway compam’es, awation companies, pre- 
cision duty as tool and die makers, chemists and mechanics, 
a more elaborate test such as that provided by the Keystone 
Telebinocular is adirisable. 

Applicant's Freparation for Examination— Tht apph’cant is 
sent by the nurse, or medical clerk, to the dressing booths 
and requested to void a specimen of urine and to remove the 
desired amount of clothing. Male employees should be asked 
to disrobe completely. The female employees should be asked 
to remove all clothing except pehnc foundation garments and 
to put on gowns or some superficial covering which permits 
examination and yet relieves the embarrassment of the appli- 
cants. A simple type of covering for this purpose is readily 
made by two large bath towels, attached by safety pins over 
the shoulders. These are pinned before application and kept 
in readiness in the examining booths. They are quickly ap- 
plied, quickly removed, and readily laundered. Suitable con- 
tainers for the urine should be available. In the case of male 
employees the regular seven- or eight-ounce specimen bottles 
now commonly in use are very satisfactoty. In obtaining rou- 
tine specimens from female employees, in addition to the 
specimen bottle, an enamel 1 0-ounce graduate with handle 
and pouring tip is useful. A laboratory report record should 
be attached to the specimen and sent with it to the laboratory. 

The dressing booths, numbering six to eight for each ex- 
amining physician, should be so situated that there are nvo- 
way entrances, one leading from the medical clerks or 
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HBise’s office and the other to the exanmimg room of the 
ph>-dciari. The medical clerk, or nurse, may thus contmu^) 
Lre a number in chain-readiness for exa^aaon 
The medical histoiy is then placed at the disposal^ of the 
phA-acian in the examining room and die prospecnve em- 
ployee called from the dressing booth at the request of the 

phraciam _ • - ■ j r 

The exjimmrtg room to -which the panent is admitted rrom 

the dressinff booth should contain the follou-ing as a mim- 
mum; a desk (preferably high and suitable for -uTiring in 
standing posture), an examining table or couch, two stools 
or chairs, instrument or unlit}* table bearing sterilizers for 
sitinges and similar iostniments, thermometer, tongue de- 
presors, flashlight, ophthalmoscope, otoscope, stethoscope, 
and sphygmomanometer, preferably -wall t}*pe. 

Exaiinnxtion Proper.— The ph}*sician, before making the ex- 
amination proper, should revieu* the preliminan* histoiy* to 
familiarize hiinself -with it and to be certain that it is reason- 
ably complete. In many cases, further personal inquir>* by the 
physician is advisable. By this further inquiry, too, the ph>*s- 
ician is enabled to estimate the applicant’s mental status. The 
acraal phyrical examination does not differ from other com- 
plete physical examinations. Therefore, details n-ill be 
avoided. The recording of objective findings may be done by 
the ph\*sician direcdy, or by dictation to a clerk, or by the use 
of a dictaphone. As far as possible, all time-saving procedures 
should be adopted, such as using the blood pressure cuff as a 
tourniquet for the taking of blood foUotving the blood pres- 
sure readings; using one specimen of blood for as manv tests 
as are desirable, e.g., flocculation tests, hemoglobin estima- 
tions, and so on. "IMien routine chest films are being taken, 
they inay be taken either before or after the phyacal ex- 
anmaaon, depending upon -which routine is best favored by 
the cham procedure being carried out. Present day x-ray 
eqmpment, using the 35 mm. film or a 4 by 5 inch film 
facilitate x-ray surveys of chests at a ver\* lo-tv cost. 

Constderatwn for -dpp/icm.-FoUonin'g the recordimr of 
objecnr, fining-., ph>-ficbn nniv to St for 
complete record of labomot>- and s-ray findings before c£- 
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sifying his applicant. More frequently, however, the classifi- 
cation is made immediately, subject to the necessity of 
alteration; the classification being placed on the medical form 
as weU as on the form, “Request for Medical Examination,” 
which is sent ■ufith the applicant back to the employment de- 
partment. If, after due consideration, the examining physician 
classifies the applicant as unemployable, this should be care- 
fully explained to him before he leaves the medical depart- 
ment, pointing out that he is not being declined employment 
of all description, but that for the particular job for which 
he is making application he is not physically qualified accord- 
ing to the standards of the company. If, because of some 
temporary disability, he is declined employment, a method of 
correction should be pointed out to him and information 
given as to when he should return for further examination. 

If the apphcant is found suitable for employment but has 
some disabihty which needs treatment, or requires correc- 
tion, he should again be informed as to how this may be 
done and encouraged to carry it out. The examination record 
is retained in the medical department and filed for further 
use. It should remain as a co^dential record for use in this 
department only. The reverse side of this particular form is 
used for reports of both subsequent examinations and acci- 
dents and sickness. 

In conveying information to the employment department, 
it is always a good policy to give the classification only, Avith- 
out reference to the disability of the individual. Because of 
the possibility of later dispute, it may be necessary under the 
“B” classification to inform the employment department the 
type of work which should be avoided, for example, heavy 
lifting duties, specific hazards such as dust, lead, tetryl, 
T.N.T., and so on. 

Time Element in Exannnation.—The, routine examinations 
of urine can be done by a technician or a nurse trained for 
this routine duty, and is preferably done before the applicant 
is classified. The results of more elaborate laboratory work 
and x-ray reports must be awaited. The length of time re- 
quired for the physical examination appears to be increasing 
as the years go by. A survey made by the National Industrial 



PHTSiaVL 


EX-VvOXATION-S IK iKDCSraA* 


1027 



10^0 a larc-e n^ber of companies reported the use ot dunA* 
mhiutes or more. A recent check on the length ol time being 
devoted in a larse vrar industry revealed that one physaan. 
£.^ced by a capable medical clerk, examining five em- 
ployees per hour. This included the taking ot blood for hem- 
oslobin estimation and for Hoccnlation test. In the same 
industrv. one ph\'sician and two nurses tvere tound to be 
p-TjmtoTng seven female employees per hour. 


Stancarcs 

Both for the purpose of classifying the employees and for 
the purpose of convej'ing information to the employment 
and producaon departments, it is necessaiy to have some 
stanza of evaluating phyacal findings. The American Con- 
ference Board of Pm'sicians in Indnsm' formulated a classi- 
fication of physical findings as follotvs; 

Cis i— Pspically eceipped for say vrork. 

Qss Physically cacefslopcd or vici soaic dight sastoaacsl ds- 
feca oaisradss St for say \rork. 

Csss 3— Fh orly for csrtsla ercployiacat vSea spproved sad scpsr- 
viss-a by As lasclcsl dspsraasaa 

Css 4— ITaar for say ea^loyaisaa 


The American College of Surgeons has likewise recom- 
mended a siii ii lar classification- ^lost industrial medical serv- 
ices which have been in operation for a period of time have 
adopted some modification of dais classification, and if it is 
rendering good service to the indnstr}- there is no indication 
for alteration. The following classification is one used by the 
author over a period of years: 


no defects 


CcJc~£?ncx 

nt sor znv 'ktui 

lo^d i^t ZTS "vrordiy of rots- 
■^Tor'k b™ 

pnysfcsl ceiects ere \Tonhv of note, 

- e:i:p!ori2m xd ceit^ 

selected ckss of \ro^. 

C —Pnyscsl ce:ec3 or cisssssc. 
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Explanation 

A 1— As noted previously. 

A 2— Physically fit for any job but with any of following defects: 

Minor defects in vision, visual acuity of 20-40 or less in both eyes. 
Visual acuity of less than 20-30 in one eye, less than 20-200 in the 
other, with suitable correction. 

Minor defects in hearing. 

Decayed teeth. 

Pyorrhea. 

Chronic tonsillitis. 

Amputation of fingers, not more than two. 

Youth. 

Underweight. 

A'linor nervous disability. 

Overtveight, moderate. 

Flat feet, no symptoms. 

Varicocele. 

Varicose veins, moderate. 

Poor knowledge of language. 

/Mild kidney or bladder infection, under control. 

B —Defective vision, one eye blind or seriously defective, 20-200 or less, 
or Jaeger 4, ssnth or tvithout glasses. 

Defective hearing, unable to hear normal voice at five feet. 

Chronic suppurative otitis media of one ear. 

Goiter, nontoxic and postoperative. 

Asthma or hay fever. 

Tuberculosis, arrested with approval of attending physician. 

Heart lesions, well compensated. 

Varicose veins, severe. 

Chronic kidney or bladder disease with abnormal function. 

Hernia 

Hemorrhoids with sjmptoms. 

Amputation of limb svith stump in good condition. 

Bronchitis under control. 

Convalescing after recent operation. 

Diabetes under control. 

Vascular disease, moderate. 

C — EpHepss' or history of dizzy or fainting spells. 

Vision in both ej^es 20-200 or less, or Jaeger 4, with or mthout glasses. 
Chronic suppurative odds media of both ears. 

Active kidney or bladder disease. 

Discharging sinus of spinal column, leg, foot, if smus leads to dis- 
eased bone. 

Imbecility or insanity. 

Goiter, toxic. 

Venereal diseases, acute. 

Alcoholism. 

Tuberculosis, acdve. 

Heart disease, decompensated. 
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Varicose reins, serere sad natrested. 
Drag sddicdoa. 

Pregnsacv (kre). 

Csacer or mcligrtaar groirrii, natrested. 
Disberes, catrested. 

Vssctdsr disesse, severe. 


This summary serves as a guide in measuring the impor- 
tance of phj-sical defects of an employee represented by the 
category given him at his medical examination- It includes 
only a portion of the defects and disabilities that are en- 
countered in epmining applicants and is intended to serve 
simply as a basis of comparison in judains the importance of 
physical defects. 


[s] Res-jfe 

Using the classification outlined above, the table below 
records the (fistribution of three groups of pre-emploxTnent 
exammanons: ' 


A-l A-2 


1937 series 5259 

1941 series '12- 

senes or nroeld- 
vrg rrsdes 347 


x-raved. 


2657 

7092 

145 


B 

C 

Toal C 

(Per cent) 

1262 

124 

9342 13 

3440 

511 

14167 5 j 5 

29 


553 5.7 

no routine chest x-rays xvere 

aoulding trades aU chests were 




' irioa . . . 

Hernk .....y.''.' 

Drsesses or chesr 

of bones and join^ 
o. hearr and dreokrion 


-Miscelkneons . 


Toral 


^ - U 2 cat g,,; ^ 4 -=. 


349 

27S 

43 

111 

75 

7 

6 

393 

1252 
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2. PHYSfCAU EXAMINATIONS— PERIO DIG 

The medical service of an increasing number of industries 
arrange for periodic examinations of their employees. Al- 
though these examinations may not be frequent, they are just 
as important as are the pre-emplojunent examinations. For 
the executives and officials they are of very specific value for 
the purpose of maintaining physical fitness and lengthening 
the span of useful life service. For the workmen, also, they 
are scarcely less important. It is of no less value to find, at 
the end of a three or five j'ear period, that they are suffering 
from a diabetic or other condition which may be influenced 
or corrected by treatment than it was to find these same dis- 
abilities at the time of their employment. 

The frequency of these examinations must be determined 
by the medical service, unless it is particularly specified by 
law for such employees, as those handling foods, and so on. 
Although many industrial physicians have abandoned the 
arbitrar)- method of making an annual examination, it is 
probably an ideal procedure and a good working rule for 
most medical services. It is true, however, that many of these 
periodic examinations may reveal no change of the physical 
condition of the workmen. For the employees who are ex- 
posed to specific hazards such as those of lead, benzol, silica, 
mercur}’-, and T.N.T., monthly, bimonthly, or even weekly 
check-ups may be necessary, ^^ployees holding particularly 
re^onsible positions, such as train operators, locomotive en- 
gineers, bus drivers and pilots, should likewise have more fre- 
quent examinations. 

If the medical service is providing no treatment for non- 
industrial diseases, a close cooperation should exist •with the 
employee’s fatnily physician. Without this cooperation, cor- 
rection of defects is not likely to be given adequate con- 
sideration. If a family physician finds that the industrial 
physician is reporting to him regularly, he is much more 
hkely to be -willmg to cooperate. 

For periodic physical examinations the same standard for 
the classification of physical conditions is usually used as has 
been used for pre-emplojtment appraisal. The application of 
these standards in most examinations is likely to be exactly 
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the same, except for a few disabUities which may develop 
during a man’s employment. If these defects winch deve op 
during employment are of a character which would ordm^ily 
bar him from emploj-ment or the pamcular position m which 
he works, most executives and medical sendees endeavor to 
find ndthin the industr}’- a place for such an employee, pro- 
vided his previous records have been satisfactory. When, 
however, a disability develops which is dangerous for any 
t>T>e of employment, the examining physician should not hes- 
itate to place this man in the unemployable category. Ex- 
aminations for specific hazards being carried out as fre- 
quently as once weekly or once monthly rarely need to have 
a complete physical examination, but rather some special type 
of examination indicating undue exposure or the effects from 
such particular hazards. Some of these examinations for 
specific hazards may be best carried out by a plant physician 
when the man is actually on duty. 


3. PHYSICAL EXAMINATIONS— POSTSICKNESS 


One of the most important duties of an active industrial 
medical service is to re-examine aU employees returning to 
duty foUo'udng illness. This is important, not only to be cer- 
tain that the employee has sufficiently recovered from the 
illness but also to be certain that this present illness has not 
caused, critical defects which might alter his classification, or 
more important still, which should be under observation or 
treatment. 


If an industrial medical department is sufficiently broad in 
its service to give diagnosis and treatment to nonindustrial 
diseases, the examination after illness is probably less im- 
portant, but nevertheless should be carefully done. When an 
mdustT}'' does not provide treatment or diagnosis for non- 
mdustn^ diseases, the examination after illness is much more 
imperative. Most attending physicians not attached to indus- 
tnal medical semces give careful adequate treatment for 
most diseases, particularly if the disease is acute and they are 
seeing the pauents regularly. On the other hand, many 
effiome peases are seen too infrequently by attending phys- 
icians and the constant tendency for the inkstrial eifplojee 
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is to return to work and active labor too soon following ill- 
ness. In some industries it is possible for a workman to be 
away from work for long periods and only see the attending 
physician on rare occasions and, in rare cases, not at all. Oc- 
casionally, also, some employees return to work tidth state- 
ments or certificates from attending physicians, which are 
given without very accurate knowledge of the cause of ab- 
senteeism or of the patient’s actual physical condition, and 
certainly without a knowledge of the actual type of work 
which he is expected to assume and discharge as his duty. 

Regardless of how competent an attending physician may 
be considered by the examiner, it is always a good policy in 
each case for the plant physician to make his own obsen^a- 
tions and form his otvn conclusions about the employee who 
is returning to work after illness. In arranging for examina- 
tions after illness, some scheme must be set up whereby all 
employees must report to the medical department after all 
absenteeism from illness or iniur5^ For most industries, the 
choice of a specific arbitrary period of fortj’^-eight hours is 
satisfactory. If the industry possesses an employees’ mutual 
benefit association, or some group insurance scheme, it be- 
comes much easier to keep a check on the absent employee 
who is ill. Time cards in use in industry may be taken from 
employees during illness. A certificate from the medical de- 
partment for their release may insure re-examination before 
the employee returns to duty. 

The actual physical exavnnatlon of an employee return- 
ing to work ^ter iUness differs from pre-employment and 
routine examinations only in that the sj'stem which has been 
involved in the present illness should be given more careM 
consideration, as well as any comphcations which might arise 
from such an illness. Routine chemical urinalysis is especially 
important after most acute illnesses; and following certain 
types of disease, chest x-ray is particularly indicated. Alany 
years of experience in examining workrnen after illn^s show 
that the majority of men, after postsictaess examinarions, 
return to former duty without any alteration in classification. 

A relatively large percentage is required to take further 
treatment or to convalesce at home before being considered 
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fit to mingle 'n'ith their fello-n* employees or imdertake 
former duties. A small percentage is found to be sufficiently 
disabled by iUness to require lower classification and an 
altered tj-pe of work. A still smaller percentage is found to 
be sufficiently disabled that further emplo}Tnent is considered 
inadvisable. 
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WORKMEN’S COMPENSATION AND MEDICINE 


RAYMOND HUSSEY, M.D., F.A.C.P.* 

The idea of Workmen’s Compensarion was introduced in 
the United States as a remedy for the unsatisfactory" pro- 
cedure of the Common Law suit as a means of recovery tor 
loss of earnings and the cost of niedical care because of occu- 
pational injuries. The principal of compensation is liabihty 
uithout fault, which eliminates the issue of negligence from 
consideration of occupational injuries. 

The transition from the Common Law system and the 
issue of negligence to the Compensation sy"stem was not an 
easy one, since it required new legislation and, in many states 
of the countT)", a constitutional amendment before such 
legislation became possible. The complexities in framing 
Compensation Laws become apparent when one considers 
that administrative, legal, insurance, and medical aspects had 
to be apposed in order to develop a satisfactory law. How- 
ever, during the period between 1911 and 1917, W'orkmen’s 
Compensation Laws were enacted and became generally 
effective in the majority of our states. The purpose of this 
paper is to discuss the role that medicine has played in the 
development of the medical aspects of Compensarion Laws 
and in their administration.t 


• Chainnan, Medical Board for Occupational Diseases, Baltimore, Md.; 
.‘^ociate Professor of Medicine, Universitj- of Marjdand School of Medi- 
cine; Instructor in Medicine, Johns Hopkins Universit}' School of Aledi- 
cme; Attending Phj-sician, University Hospital; Ph\^sician-in-Chief, St 
Joseph’s Hospital. 

t Contributions to the subject have appeared in publications of the 
WncM Medical Association, American CoUege of Surgeons, American 
ubhc Heal* Assoaanon, United States Department of Labor, in medical 
journals, and m textbooks. Perhaps the most comprehensive work in which 
this mbject is discussed is the volume by Walter F. Dodd,^ which is based 

we£ Fmd'* Ne^^ v' Research Committee of the Common- 

u^th Fund of New York in their survey of the operation of Workmen’s 

Compensation m the United States. oii'orKmens 
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I. DEVELOPMENT OF WORKMEN’S COMPENSATION 

The procedure in framing new laws when public opinion 
makes the need for them apparent was followed in the case 
of Workmen's Compensation Laws. Commissions were cre- 
ated either by legislative act or by the governor of a state 
to study the subject and make recommendations for legisla- 
tive action. 

There is a wide divergence of detail in die Compensation 
Acts of various states. ^^Tiether lack of uniformity is disad- 
vantageous remains an open question about which there has 
been much discussion.^” There is, however, one point in 
common among the various state laws; namely, that money 
benefits be paid for earnings lost because of disabilit}^, and 
that the cost of medical care be allowed for injuries arising 
out of, a 72 d in the course of, eviployvjent. One significant 
variation exists in the injuries comprehended by the several 
laws. The statements about injuries to be covered varj’ as 
follows: “Accidental injury” or “injury by accident,” “per- 
sonal injur)’’,” “accidental personal injury,” or the word “in- 
jury” alone. In all instances it is made explicit that the injur)’ 
must arise out of, and in the course of, employment. 

It appears that originally the types of injuries intended to 
be covered by Compensarion Laws v’ere those in which con- 
tact "with physical or chemical agents and manifestations of 
injur)’’ were simultaneous, although disabiht)’ ma)’’ not have 
been coincident. In a large measure, such injuries are clas- 
sified in medicine as traumatic, and the manner in which 
they are sustained may be referred to as accident, but to call 
them accidental injuries sen’es only the purpose of con- 
venience in conversation, and is of no fundamental signifi- 
cance in medical thought. 

The various terms written into the Compensation La’^vs 
were not defined therein, and they soon became the basis of 
controverted issues in disputed claims. Administrative de- 
cisions on these issues were appealed to courts for judicial 
decision. In general, these decisions conve)’ed the idea that 
“injur)'” must be a sudden and fortuitous event. In some juris- 
dictions the decision involved the idea of mischance result- 
ing in “physical injuiy.” 'Whatever the terminolog)’ contained 
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in judicial decmons. the requirement 

was explicit .vith respect to the vijnner, wm, and fhce the 

injur.' vras sustained. _ , _ , . 

Xo attempt is made in medical saence to define or 

dhcjse. Both terms are employed to repreent conceps )ust 
as do the terms teahb. life, and death. In scientific meicme 
the approach to the study of disease, and the classification ot 
disease, is through an understanding of etiolog}'. the injt^' 
produced bv etiological agents, and the manifestations of in~ 
juin' expresed as s^Tnptoms and physical signs— that is. the 
cli^cal picture. It is a matter of considerable importance to 
understand the relation of elapsed time between contact MUth 
etiologicai agents and the manifestations of disease, as in the 
matter of the incubation period in infectious diseases. In 
rai-ino; a clinical histor}'. detailed information is sought re- 
garding the circumstances of occupation: and quite fre- 
quently the data obtained rereal the etiologi' of the disease 
responsible for the complaints that led the patient to seek 
medical adxice. Equally important, however, in determining 
the edoiogical factors concerned with the disease, are the in- 
quiries about the home environment and the activities of a 
patient during hours away from work. Ph\'sicians are con- 
cerned with the vaniTol history of disease, in which edologx 
IS of first importance. Therefore, in considering circum- 
stmees of occupation in relation to disease, it is occiipanonal 
etiolog} . rather than occupational disease, that is the object 
of inquii}'. 

Statutory provision or a construction of an existing statute 
ivas made to include disease which resulted from compen- 
sable injuries such as infection, paralysis, or epfiepsv; but no 
proviaon was made to cover (hseases whose edologt- was 
fectly concerned wi^ the hazards of emplot-ment— that is, 

occupanoaal diseases." Compensation for these diseases in 
certain ins^ces was allowed either through Hberal judicial 

" SSS — t'SJ 

Tte Ugd-iildhd Pr„w™,-lt is erident timt tht 
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approach to medical questions has been a legal one rather 
than a medical one, or a legal-medical one, wdth the idea of 
“acddent” being the central thought around which the 
meaning of “injurj'” revolves. Only occasionally has there 
been evidence to indicate that attempts have been made to 
apply available scientific medical- knowledge to the medical 
problems presented. 

Perhaps the most interesting example of a compensable 
affliction illustrating the extreme discrepancy between med- 
ical opinion and legal interpretation is that of hernia. In those 
states where hernia is compensable, statutory provisions have 
been made which enumerate prerequisites which must have 
been fulfilled for a claim to be valid. Johnstone- states that in 
no comparable instance is medical opinion so ignored by ad- 
ministrative decisions in Cahfomia as in the case of hernia. 
The present compensation status of hernia is well expressed 
by Harvey Stone:® “If a decision grants compensation to a 
workman for hernia, it does not follow that hernia was 
caused by the man’s work but simply that under the pro- 
vision of the law the man developing hernia while working 
is considered entided to compensadon. As a matter of fact, 
prevailing medical opinion is opposed to the view that the in- 
cidents of ordinar}- muscular effort have anything but minor 
contributor}- influence in the development of ordinary for- 
mation of hernia.” Kessler^ has summarized the various pre- 
requisites stated in the Ia\ra which have statutory provisions 
covering hernia. In addition, he has made a splendid analysis 
of the medical, legislative, and legal interpretations of hernia 
in relation to accidental injur)*. Interestingly enough, in none 
of the Acts is hernia regarded as accidental injur)-, but as 
something that results from injur)-. Quite separate and apart 
from compensation considerations, man)- employers have a 
most generous attitude toward hernia and prortide their em- 
ployees vddi surgical relief and money benefits for time lost. 

Compensation Today for Occitpational Disease.-lt has 
been stated above that no statutor)' provisions were made in 
the orimnal Compensation Acts to cover diseases contracted 
bv- exposur'' to specific hazards of emplo)-ment. An excep- 
tion to this, however, is the case of Hawau (1917). The 
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State of California was the first to amend its Att (1917); 
the amendment became effective m At the pr^ent 

time, tn^ent>'-five states and the District of Columbia have 
specific statutes providing compensation for occupauonal 
diseases,” and in addition there is the Federal Longshoremen 
and Harbor Workers’ Act. In certain states the statute ex- 
plicitly excludes diseases other than those which are comph- 
carions or sequelae of an “accidental injury. In many of the 
states, special commissions were formed by legislative act or 
by executive order to study the question of occupational dis- 
eases in relation to their coverage by the Workmen s Com- 
pensation Act. In some instances these commissions have been 
aided in their work by the results of state sun^eys evaluating 
easting potential occupational hazards; Mar>dand^ and Utah® 
are examples of states following such procedures. It is not 
nithin the scope of this paper to discuss further occupational 
disease legislation as such." However, for our present purpose 
it is important to indicate the medical problems concerned in 
this field. 

There are three leghktive methods employed to provide 
compensation for “occupational diseases”; 


1, The Schedule Method. By this method the compensable diseases 

ate ewKnerated and named with a description oi the process 
whereio the disease most occur in order to be compensable. 

2. General Co’cerage Method. This provides compensadon for “any 

and all occupational diseases” tridiout definition of the term 
“occuparional disease.” 

J. Definitive General Coverage. This is general coverage with a 
Statutory Definidon t>{ die term “occupadonal disease.” 


No reason exists for supposing that a precise defimtion can 
be written for “occupational disease." Currently the merits 
of the three forms of coverage are being extensively debated. 
The whole question deserves, and should be given, thouerht- 
M consideration by representatives of medical science, sHce 
the determinarion of fact regarding diagnosis and extent of 
disabibty IS largely a medical problem and is accomplished in 
many instances only by experienced clinical study and iudtr. 

IS important, in this connection, to point out the 
need for close cooperation itith the industrial hygiene en- 
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approach to medical questions has been a legal one rather 
than a medical one, or a legal-medical one, unth the idea of 
“accident” being the central thought around which the 
meaning of “iujurj*” revolves. Only occasionally has there 
been evidence to indicate that attempts have been made to 
apply available scientific medical- knowledge to the medical 
problems presented. 

Perhaps the most interesting example of a compensable 
affliction illustrating the extreme discrepancy between med- 
ical opinion and legal interpretation is that of hei-nia. In those 
states where hernia is compensable, statutorj' prowsions have 
been made which enumerate prerequisites which must have 
been fulfilled for a claim to be valid. Johnstone- states that in 
no comparable instance is medical opinion so ignored by ad- 
ministrative decisions in California as in the case of hernia. 
The present compensation status of hernia is well expressed 
by Han-ey Stone;® “If a decision grants compensation to a 
workman for hernia, it does not follow that hernia was 
caused by the man’s work but simply that under the pro- 
vision of the law the man developing hernia while working 
is considered entitled to compensation. As a matter of fact, 
prevailing medical opinion is opposed to the view that the in- 
cidents of ordinary muscular effort have anything but minor 
contributory influence in the development of ordinar}' for- 
mation of hernia.” Kessler^ has summarized the various pre- 


requisites stated in the laws which have statutory prowsions 
covering hernia. In addition, he has made a splendid analysis 
of the medical, legislative, and legal interpretations of hernia 
in relation to accidental injur)'. Interestingly enough, in none 


of the Acts is hernia regarded as accidental injury, but as 
something that results from injur)'. Quite separate and apart 
from compensation considerations, many employers have a 
most o-enerous attitude toward hernia and provide their em- 
ployed vdth surgical relief and money benefits for time lost. 

Compensation Today for Occupational Disease.~lt has 
been stated above that no statutor)' provisions were made in 
the orimnal Compensation Acts to cover diseases contracted 
hv exDOSurc to specific hazards of empio)-ment. An excep- 
tiL m this, however, is the case of Hawan (1917). The 
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are usuaUv medical, particularly in claims for alleged ^cu- 
parional iseases. Medical problems are 
Llv w-ith issues of uatuTe, extent, and duration oi 6sabibt> , 
and in the case of occupational dkeases, as previously e . 
with the important questions of etiolog}’ and ditierenual diag- 
nosis. . j r • 

Dodd® calls attention to the conclusions of a study ot issues 

in 1073 contested compensation cases in Pennsjdvama,^ of 
which 52.5 per cent were concerned e.vclusively tvith medical 
questions, 10.7 per cent involved both medical and non- 
medical questions, and 36.9 per cent were based on non- 
medical questions. He also quotes from the Governors 
Comminee on Workmen’s Compensation in Ohio, 1934, 
that at least 80 per cent of the decisions of claims depend 
upon medical judgment. The higher percentage in Ohio is 
probably accounted for by the fact that fatal cases are ex- 
cluded. 

In addition to these considerations, it is true that a large por- 
tion of the compensation dollar is devoted to medical purposes. 
In the light of these facts, it appears that there should be a 
medical representative on the commission, or at least in the ad- 
ministration, serving in some prominent capacitj*. Physicians 
or surgeons have been appointed as medical adx-isers to the 
commissions, but the responsibility given to their positions has 
not been commensurate -with the importance of the medical 
aspect of compensation administration. 

It is in connection with bearings on coittested claims that 
medicine is particularly inadequately represented. The pro- 
cedme of hearings varies m detail m Ae different jurisdictions, 
but in general the legislative act states explicitly that hearings 
shall be as summarj' and simple as is consistent with ascertain- 
ing the substantial rights of the parties, and -with justly canq^- 
ing out the spirit of the law. The Common Law rules of eH- 
dence are dispensed ndth. Witnesses, of course, testify under 
oath and testiinony is taken stenographically. In this respect 
me procedure is similar to trial courts, but it is obviously the 
hearings on compensation claims should 

In discussing this subject, Downey^® says that “Trial courts 
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gineer in this procedure, since the question of etiologj’’ is of 
first importance in determining the relation of a given disease 
to the hazards of a particular employment. The problems 
concerned stith determining the facts of diagnosis and extent 
of disability for diseases allegedly contracted in the dust>" 
occupations provide an illustrative example. Perhaps the most 
difficult problems arise in determining the relation betsveen 
occupation and the diseases commonly obsen'^ed in the gen- 
eral population irrespective of employment. 

II. ADMINISTRATION OF COMPENSATION LAWS 

In some of the states, the administration of Compensation 
Laws was placed in the courts, while in others a covmnssion 
form of administration was established. E.^erience soon in- 
dicated that the commission type of administration was the 
better one, since the major portion of administrative func- 
tions falls in the category of business experience and at least 
95 per cent of the claims filed are uncontested. 

Tenure of Cotwnissioners.—ln many quarters the hope was 
entertained that membership on these commissions would 
offer opportunities for career men, since it was thought that 
permanence in tenure of office would be more likely to de- 
velop sustained effective administration.® It seems reasonable 
to assume that frequent changes in the administrative heads 
would be inimical to a continuing and efficient organization. 
In the Province of Ontario, Canada, where permanent tenure 
exists, the experience has been highly satisfactory, in con- 
trast to the dissatisfaction frequently expressed in reports of 
special investigation committees in many of the jurisdicnons 
in the United States. There were no statutory provisions 
governing the eligibility of appointees with reference to a 
background of educational or professional experience, or p^- 
ticular talents. Medical representation both on the commis- 
sion and in the administrative organization has been incon- 
spicuous. 

Role of Medichie.—The importance of the medical side of 
compensation administration is realized when one considers 
that awards in the vast majority of claims rest upon medical 
data. In the case of contested claims, the controverted issues 
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acdto and fcases. The data available coscemmg fte- 
qumj, leverity, and fataftj rales of acadenn Md diseases 
Le wholly inadequate. Too frequently the available data are 
merelv d^cribed rather than subjected to the analytical stans- 
ticai treatment which is needed in planning programs m pre- 
rentive medicine, formulating safety* regulations, making 
insurance rates, framing legislariou, and providing general 
information. 

The International Association of Industrial Accident 
Boards and Commissions, whose membership is constituted of 
persons engaged in administering Compensation Larvs, was or- 
ganized in 1914 for the purpose of defining and discussing 
problems pertaining to administration. The need for improved 
statistical work and better medical service and supemsion in 
the administration of Compensation Laws has been recognized 
by this Association, and recommendations have been made for 
improvements in these departments, but, as Dodd® says, “Un- 
fortunately the official positions of the members of this Asso- 
ciation and their uncertainty.* of tenure have kept the recom- 
mendations of the Association from receiving the attention 
they have merited.” 

In fairness to the commissions administering Workmen’s 
Compensation Lasi-s, it should be said that the budgets for 
operation are, in most instances, inadequate. 


lU. COMPENSATION INSURANCE 

The most adequate Compensation Law will fail in its ulti- 
mate objective unless the benefits it seeks to bestow upon the 
disabled employee are guaranteed, and since S5 per cent of 
our American industrial plants employ less than 100 workers, 
k becomes obvious that securit)* for parnnent of the benefits 
invokes the insurance prinaple. 

Tj per.— There are several ty*pes of insurance covering 
the compensation field: stock and vnitual carriers, self-insiir- 
flnee, and rtate jimd msrirance. A description of the distin- 
guishing features, or a review of the opinions that have been 
expresed about the merits of these different t\*pes of insur- 
ance, IS not pertinent to the present discussion. It may be said, 
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depend altogether upon the initiative of litigants. They do not 
go out to find out the facts nor can they exercise effective 
supervision over uncontested settlements between parties.”* 
Compensation commissions, on the other hand, are supposed 
to act as investigators, not as legal referees, and their job con- 
tinues until proper arrangements are made for ultimate settle- 
ments. Since in a large majority of instances the controverted 
issues are medical, it seems that it would be more appropriate 
to have as exaimners medical men whose qualifications fit them 
to make necessary inquiries during the hearing in order that 
the testimony recorded be in keeping with the prevailing 
medical opinion of the day. 

Value of Medical T estimony .—hivch adverse criticism has 
been made of medical testimony. In fact, there seems to be 
little dispute that what is usually called expert medical testi- 
mony is not competent; therefore, it is of little probative 
value, the reason being that it is usually individual-opinion tes- 
timony rather than an expression of prevailing medical opinion 
concerning the subject under consideration. Hearings before 
medical men would eliminate a great deal of spurious tes- 
timony. Indeed, in some of the more recent occupational dis- 
ease statutes, provision is made for a Medical Board to invesn- 
gate and hold hearings on all medical issues raised in disputed 
compensation claims for alleged occupational diseases. These 
boards usually consist of three medical men whose eligibility 
for appointment is determined by statutes setting forth re- 
quired professional qualifications. The work of these boards 
wiU be followed with great interest and the results attained 
by them may determine, in large measure, the justification for 
extending the idea of medical men holding hearings on all 
controverted medical issues, irrespective of the nature of the 
claim. 

Statistical information, wtith which medicine is particularly 
concerned, is a much neglected phase of the administrative 
organization of the commissions. There is no other source of 
data so complete, and no other agency is in a better position 
to carry out statistical analyses of such data, and to compile 

• Downey, E. H.: Workmen’s Compensan'on, 1924. By permission of 
The Macmillan Company, publishers. 
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Sion as weU as those of organized labor, beHeve that most of 
the abuses Mhich have developed m insur^ce or 
medical practice are atmbutable to the fact that the e 
plovees ph>-sician is selected by a third part>% andthat a solu- 
tion of the'dificulties Wd be reached by allomng the em- 
plovee to choose his own doctor. '\'S'hether ^ -neu-point is 
coirecc is open to question. The fact remains that there \s 
apparently widespread commercialization in this practice, and 
that insurers may too frequently procure phy sicians at b^- 
gain-counter rates, or select one for his capability on the wit- 
ness stand rather than for his professional qualifications. There 
is no sound basis for the contention that the average work- 
man would be any the less the victim of unscrupulous medical 
practices, or that the best medical service would be obtained, 
if he had free choice of phyacian. The reasons for the unsat- 
isfactory status of insurance-medical practice are to be sought 
elsewhere, 

hiipoumce of Froper Adnnmmation.—X viewpoint worth 
consideration has to do uith the fundamental organization of 
casualty insurance, in which the operation revolves around the 
claim department. As previously stated, it is not so much the 
t)-pe of insurance organization but the quality of the super- 
vision of its administration that is important in any insurance 
system. In presenting this thought, Downey^” states four pur- 
poses of supervision, and Dodd® adds TO’o additional ones. 
None of the sk purposes includes supervision of medical ser- 


vice. 


A'iuth some notable exceptions, the medical department of 
casualty insurance earners has an extremely* inconspicuous 
or ii^erior place m the organization. The procurement of 
physicians is left almost entirely to claim agents and adjusters. 
If the insurance companies were actuated bv consideration of 
the quahty of medical service in their choice of physicians, 
and efficient supervision of insurance-medical practice were 
required, and the responsibility^ for these functions placed in 
a strong medical department, the probability is ^eat that 
many_ of the meical abuses connected udth compensation 
pracnce wodd disappear and the outcome would be finan- 
cially profitable to the insurance business. The insurance com- 
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however, that most students of the subject believe that the so- 
cial ends of Workmen’s Compensation can be attained under 
any type of insurance organization, the important considera- 
tion being the quality and efficiency of administrative super- 
vision in any particular insurance system. 

Medical-Insurance Relationships.— 'Thiough insurance sev- 
eral hundred million dollars are disbursed annually in pajment 
of awards by compensation authorities in the United States. 
Of this huge sum, a large portion is paid for medical, surgical, 
and hospital care. From an economic viewpoint alone, there- 
fore, medical-insurance relations occupy an important place 
in compensation administration. Reports of numerous official 
investigations into the operation of Workmen’s Compensation 
Laws afford convincing evidence of frequent gross and glaring 
abuses that reflect no credit to either party in this relationship. 
The blame is shared by both the practitioners of medicine and 
the insurance operators. No attempt is made to apportion the 
blame. This unfortunate situation may be accounted for by a 
number of reasons, some of tvhich are tangible and others 
less so. 

The impact of Workmen’s Compensation Laws on medical 
practice caused radical changes in the traditional physician- 
patient relationship, since it introduced a tripartite relation- 
ship. It was entirely new to a physician to be called upon to 
treat the patient with a third party under obligation to assume 
payment for this service. Also, the private and confidential 
nature of the relationship between doctor and patient was 
abrogated, since the physician’s recorded clinical obsen^ations 
and the clinical history of any given case became a part of 
the record of the claim for compensation; and in this sense 
compensation or insurance practice becomes a matter of pub- 
lic rather than private sendee. This changed order of medical 
procedure did not take into account the preference of the 
employee to be treated by a physician of his own selection. 
The insurer who paid the bill assumed that he should have 
some say in tlie selection of the physician to treat the insured 
workman. 

The question of the free choice of physician has been a 
hotly debated subject. Some members of the medical profes- 
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Sion as M-eU as those of organized labor, beheve that most of 
the abuses which have developed m insurance or compensaao 
medical practice are atmbutable to the fact that the em 
ployee’s physician is selected by a third party, and that a solu- 
tion of the difHculties would be reached by aUmtung the em- 
ployee to choose his own doctor. \^'hether Ais view^point \s 
correct is open to question. The fact remains that there is 
apparently widespread commercialization in this practice, and 
that insurers may too frequently procure physicians at bar- 
gain-counter rates, or select one for his capability on the wit- 
ness stand rather than for his professional qualifications. There 
is no sound basis for the contention that the average work- 
man would be any the less the victim of unscrupulous medical 
practices, or that the best medical sendee would be obtained, 
if he had free choice of physician. The reasons for the unsat- 
isfactoty status of insurance-medical practice are to be sought 
elsewhere. 

IvtpoTiance of Proper Adrmmstration.—A viewpoint w'orth 
consideration has to do with the fundamental organization of 
casualty insurance, in which the operation revolves around the 
clahn department. As preiiously stated, it is not so much the 
tjqie of insurance organization but the quality of the super- 
vision of its administration that is important in any insurance 
s>"stem. In presenting this thought, Dowmey^® states four pur- 
poses of supervision, and Dodd® adds tw^o additional ones. 
None of the six purposes includes supervision of medical ser- 


vice. 


With some notable exceptions, the medical department of 
casualty ^ insurance carriers has an extremely inconspicuous 
or inferior place in the organization. The procurement of 
physicians is left almost entirely to claim agents and adjusters. 
If the in^ance companies w^ere actuated by consideration of 
the quahty of medical service in their choice of physicians, 
and if efficient supervision of insurance-medical practice w'ere 
required, and Ae r^onsibility for these functions placed in 
a strong medical department, the probability is erreat that 
many of the meffied abuses connected with compensation 
pracnce would disappear and the outcome w^ould be finan 
aally profitable to the insurance business. The insurance com- 
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panics have been the victims of abuses by management and by 
members of both the legal and medical professions, working 
perhaps in collusion and often separately, and this offers a 
further reason for better medical supervision. 

Dodd® suggests that all commercial clinics, insurance clin- 
ics, contract hospitals, hospital associations, or other organiza- 
tions which are operated to treat occupational injuries and dis- 
eases for private profit should be abohshed by law. They 
have not served any good educational purpose, and they have 
done little, if anything, for the cause of industrial medicine 
and hygiene. Kessler,^ however, calls attention to the fact that 
there are some organizations engaged in contract practice in 
which a high standard of medical service is maintained. None- 


theless, reports indicate that abuses in such organizations, so 
far, have been much greater than any benefits. 

Occupational Health C/////Vr.— Worthy of consideration is 
the advantage that would be gained in establishing occupa- 
tional health clinics. At first, these clinics should be part of 
university medical centers and closely affiliated with the fac- 
ulties of public health and hygiene in the universities. Pro- 
visions should be made for clinical investigation and the 
development of facilities for laboratory procedures in hygiene 
—similar to the development of facilities available in general 
hospitals of clinical laboratory procedures— in addition to 
facffities for diagnosis and treatment, physical examinations, 
and rehabilitation services. Subsequently these clim'cs could 
be organized in places isolated from the university, with some 
modification to fit the needs of a given community. In these 


clinics physicians would work under supervision and get 
training wluch would qualify them to work in the field of in- 
dustrial health and medicine either for a career or for part- 
time practice. Students preparing themselves for public health 

f ^y^rin/3r*rinn wirh hnri^onc nf htr- 


Li-ill^ w-*-. *17 r 

work, especially in connection with bureaus of industrial hy- 
giene,' could obtain the clinical experience they need and do 
not get in the present educational organization. The clinic 
also would afford an opportunity to check and foUow end- 


aiSO wouiu V , 

results of treatment-a phase of compensation work now so 

"^T/mty ^^sS^ffiat the initial cost for such an undertaking 
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wodd b= TOiMtas, tat tAm edncadond vdoe 
ml saving are considered, this cost is more *an jraAtaJt 
inioht also be said that such a plan would interfere n ith pn 
rate medical practice-1 think it would not. I think it would 
give emphasis to 5 difference between private and compensa- 
tion practice too infrequendv recognized. 

IV. CONTROL AND PREVENTION OP DISEASE 

Prevention of occnpational accidents and diseas^_ is more 
important than compensation benefits, and rehabilitation is 
more important to a disabled worker than continued compen- 
sation payments. It is interesting, in this connection, to note 
that recently enacted Occupational Disease Laws have staTO- 
tory provisions which make it the dutj’ of State and Gtj' 
H^th Departments to formulate rules and reguladons for the 
control or prevention of occupational diseases, and which give 
them the power to enforce these regulations. Compensation 
Laws have been responsible, in part and indirectly, "m bringing 
into existence, and developing, the professions of Safety En- 
gineering and Occuparional or Industrial Hygiene, and riiese 
groups, together with the Sanitary Engineering ponp, have 
performed outstanding service with parifjnng results in elim- 
inating or concroliing many occupational hazards. 

Heakh Program— Perhaps the most important indirect in- 
fluence of Workmens Compensation Laws has been the em- 
phasis given to the need for condnuing into adolescent and 
adult life those organized health programs which have re- 
sulted in striking achievements in chUdhood. Phyrical and 
mental examinations represent the foundation of these pro- 
gram The results of current examinations of draftees alone is 
an indicarion of the urgent need for a large-scale system';! of 
physical exannmtwm. Thb subject has been discussed in 
terms of industrial examinanons for pre-employment, periodic 
post-employment, and placement purposes, and much adverse 
cnncism has been (firected at the idea of such a procedure on 
the pmds that large numbers of unemplovables wili emerue 
buch ennemns are entirdy speculative, since there are no sub- 


the subject is that of a continuing health 


pro- 
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gram from childhood into adolescent and adult life. If the les- 
sons taught by the results of current physical examinadons of 
draftees are not sufficient, perhaps to these facts may be added 
the incidence of pulmonary tuberculosis in adolescent and 
adult age groups. When pulmonary tuberculosis is diagnosed 
in a large majority of persons during the second, third, and 
fourth decades of life, the disease is either moderately or far 
advanced. As a matter of fact, many large industrial and com- 
mercial concerns operate well-organized health programs 
now, with profit from both the health and economic-social 
points of view. 

With the abundant evidence available to indicate the value 
of adult health programs, one might think there would be a 
demand from the general public for more extensive develop- 
ment along these lines of progress. I^ffiile physical examina- 
tions represent the foundation of these programs, equally im- 
portant are the problems of nutrition, and the activities during 
the period from the end of one work day to the beginning of 
the next, in developing and maintaim'ng physical and mental 
fitness. The choice is whether it is preferable to deal with the 
reality of a large group of persons disabled on account of pul- 
monary tuberculosis, or nurture the none too certain idea of 
large numbers of “unemployables.” A moment’s consideration 
of the total number of gainfully employed individuals among 
the population of this country indicates clearly that occupa- 
tional health is a field of interest and endeavor in which the 
most information is to be had, and in which the greatest 
achievements may be anticipated in maintaining adult health 
practices. 

V. SUMMARY AND CONCLUSIONS 

In conclusion, it may be said that the operation of Work- 
men’s Compensation has been successful as a remedy, in most 
situations, for the Common Law suit as a means of recovering 
benefits for disability and the cost of medical care for occu- 
pational accidents and diseases. These laws have undergone 
considerable modification by amendment through the years, 
and there is still great need for further improvement.”- ” 
Alany of these amendments represent an effort to keep pace 
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xuth the judicial construction of the Acts which on the ^ 
has been liberal. The judicial decisions have dealt with ^con- 
struction of the word “injury ” “accident,” the p^ase ar^- 
out of and in the course of employment, and accidents 
or'diseases which “accelerate pre-e.visting physical condiaon 
of an employee.” It is suggested that for the judicial process 
there be developed, in some way, the means for including 
some thought about etiology in deliberations on the construc- 


tion of the Acts. 

The dilSculties that lie immediately ahead in the success- 
ful administration of these laws are related, in great extent, to 
dealing -with diseases of the general population which at times 
are thought to be associated tvith circumstances of employ- 
ment. Much remains to be done in the field of evaluating dis- 
ability in general, and particularly in the field of aggrava- 
tion of pre-existing disease by accident and disease, and vice 


versa. 


The following quotations from Dodd® sum up the situation 
vety well: “The statutes have been enacted with a view to in- 
demnity for injuries and diseases attributable to industr>% and 
they have their actuarial basis established upon such a view. 
Irrespective of the merits of unemplo)Tnent and health insur- 
ance, of insurance against old age, or of insurance covering 
all accidents to employees or others, Workmen’s Compensa- 
tion must be judged on the basis of its more limited pur- 
pose; and Workmen’s Compensation as now understood will 
be weakened if an attempt is made to extend it to other fields 
of workmen’s insurance without a concurrent reconstruction 


of its actuarial basis and of the governmental machinery for 
its administration.” And in the final paragraph of his book, 
“The charge to industry of the cost of Workmen’s Compensa- 
tion should not be united wtith other types of social insur- 
^ce. Workmen s Compensation should be an obligation of 
industr}’^; other types of social insurance, if undertaken, should 
be an obligation of society, of which industry is but a part.” 

The Position of Medicine in a Workmen's Compensation 
Progrffw;.— Medicine has played an inconspicuous role in the 
development and in the administration of Workmen’s Com- 
pensation Laws. The medical problems concerned wdth these 
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gram from childhood into adolescent and adult life. If the les- 
sons taught by the results of current physical esauiinations of 
draftees are not sufficient, perhaps to these facts may be added 
the incidence of pulmonary tuberculosis in adolescent and 
adult age groups, ^^ffien pulmonarj’^ tuberculosis is diagnosed 
in a large majorit}* of persons during the second, third, and 
fourth decades of life, the disease is either moderately or far 
advanced. As a matter of fact, many large industrial and com- 
mercial concerns operate tvell-organized health programs 
now, with profit from both the health and economic-social 
points of view. 

A\fith the abundant evidence available to indicate the value 
of adult health programs, one might think there would be a 
demand from the general public for more extensive develop- 
ment along these lines of progress. ^^'Tiile physical examina- 
tions represent the foundation of these programs, equally im- 
portant are the problems of nutrition, and the activities during 
the period from the end of one work day to the beginning of 
the next, in developing and maintaining physical and mental 
fitness. The choice is whether it is preferable to deal vuth the 
realit>* of a large group of persons disabled on account of pul- 
monar}' tuberculosis, or nurture the none too certain idea of 
large numbers of “unemployables.” A moment’s consideration 
of the total number of gainfully employed individuals among 
the population of this country indicates clearly that occupa- 
tional health is a field of interest and endeavor in which the 
most information is to be had, and in which the greatest 
achievements may be anticipated in maintaining adult health 
practices. 

V. SUMMARY AND CONCLUSIONS 

In conclusion, it may be said that the operation of I'^'ork- 
men’s Compensation has been successful as a remedy, in most 
situations, for the Common Law suit as a means of recovering 
benefits for disabilitv* and the cost of medical care for occu- 
pational accidents and diseases. These laws have undergone 
considerable modification by amendment through the years, 
and there is still great need for further improvement.”- ” 
Many of these amendments represent an effort to keep pace 
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Law, or an employers Compe^^rion Law, or an insurance 
company’s Compensarion Law. 
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laws are an integral part of industrial-medical relations. If the 
present position of medical service in the compensation field 
is to be improved, action must be taken by educators to offer 
instruction in the special problems of industrial health and 
medicine. Management also must recognize the distinctive 
professional qualifications required of medical men for prac- 
tice in the field of industrial health and medicine, and establish 
positions of importance commensurate wtith the requirements 
for special training, so that young men who are properly qual- 
ified in the fundamentals of clinical and preventive medicine 
wtiU be attracted by the opportunities offered for a profes- 
sional career. 

Industrial health and medicine require, in addition to train- 
ing in clinical and preventive medicine, study of the subject 
content of public health "ntith special emphasis on occupational 
hygiene, biostatistics, and administration. The subject of ad- 
ministration is concerned particularly with the problems of 
public and labor relations, management, casualty insurance, 
and Workmen’s Compensation Laws. 

The content of medicolegal considerations in industrial 
medicine differs strikingly from those of conventional foren- 
sic medicine. It should also be emphasized that the activities 
in the field of industrial medicine are much more closely cor- 
related trith the engineering profession than is the case in 
usual clinical practice, and adjustment to this relationship is 
important. 

The responsibilities for the future of medicine in connec- 
tion ndth the operation of ^Vorkmen’s Compensation rest, in 
no small measure, -ntith organized medicine and upon its atti- 
tude and effort expressed through its national, state, and 
county medical societies. Lazenby*" has discussed these re- 
sponsibilities together vnth suggestions for the proper con- 
sideration of them. He emphasizes the need for medical men 
to study compensation legislation in order to know that the 
demands made of medicine are practicable. He also expresses 
the important thought that “we must never lose sight of the 
party of prime interest, the disabled irorker. This is a Work- 
men’s Compensation Law. It is not a doctor’s Compensation 
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TUBERCULOSIS AS A COMPENSATION PROBLEM 
C. 0. SAPPINGTON, K.D, Dr.P.H.* 

This discussion -vrill be limited to pnlmonarj- tuberculosis 
and is relationship to factos in the industrial environment, 
excluding trauma. 

MEDICAL AND INDUSTRIAL HYGIENE ASPECTS 

Pulmonary tuberculosis has long been knovm as one of the 
most nidspread and costly of the endemic commnmcable dis- 
eases. particularly because of its chronic course. The disease 
attacks persons without regard to occupation and regardles 
of financial status, although there are differences in rates when 
race, age grouping, living standards, and geographical location 
are considered. Because pulmonary tuberculosis primarily af- 
fects the respiratory organs it has been erroneously assumed 
that many manufacturing materials and substances inhaled 
have a direct effect upon the disease, disregarding the impor- 
tance of the specific etiological factor, tubercle badUi; this 
has led to unwarranted concluaons. It will be the purpose of 
this paper to point out just what definite industrial relation- 
ships are now thought important by authorities, and to show 
how these relationships have or have not a distinct bearing 
on the medicolegal problems which follow the contraction of 
the disease. 

Two kinds of adult pulmonary tuberculous infection are 
said to occur: the endogenous (which spreads from within by 
wa\ oi ihe blood stream or the bronchial pathways after the 
reacriyadon of a former focus) and the exogenous (which re- 
trom the entrance of tubercle bacilli from outside the 
body, through contact nith other persons having the disease). 
Althongn some cass of the endogenous t>-pe are believed to 

• Cte-!tazt, CSucsgo, Eliios. 
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thim- experienced observers reported on the incidence of 
rabercolosis in different industrial environments and disced 
the effects of factors that have been alleged to favor the de- 
velopment of tuberculosis. (A full report of these proceed- 
inss is beius published snd distributed by the 2\ational 
Tuberculoris" Association.) Some of the conclusions as 
pointed out by Dr. Leroy U. Gardner,^ the Director of Sara- 
nac Laboratori', vrere as follotvs; 

It is dear diat Acre cannot be tobercdosis vddiont die tubercle badllns 
—that the source of the badlli is almost sltcays iodividuaL The most clin- 
ically sisoiScsnt is the ronfecdoa type. There is a difference of opinon 
as to tthen infection occcrs. Tnere is a rising inddence of triberculosis tvith 
adraEcins ase, the bulk of -n-hich occurs in die group 15 to 50, There is 
one case'per 20>D persons of nett infecnons each year. Except for certain 
esceptioES, breakdotrns are not due to environmental factors. The standard 
of living is the tnain environmental factor. Of industrial exposures, free 
silica is the only one accepmd vrhhont challenge. Of the dusts, only high 
free silica dost offers a change in the incidence of rubercnlosis. Infecrion 
is cot necessary to develop siBcosis, but favors its development. 

MEDICOLEGAL PHASES 


Medical Problems 

Occupational disease problems are now acknowledged by 
those having conriderabie experience, as being a great ded 
more complex than accidentd injun' problems in industr}', 
although many adjudicating bodies are seemingly unaware of 
this. In other words, those who have to do with the trial or 
hearing of cssgs apparently believe that the same methods 
apphing to accident injur}' cases mat' be used in those cases 
involving or apparently involving occupational disease. There 
always remains the necessity in occupational disease cases, or 
alleged cases, of establishing definite causal relationships be- 
tween disease, and consequent disabUhy. like- 

wise It is import to remember that the theory of the com- 
pensation kws is that a certain amount of monev shall be paid 
to an mploy^ because he has disabilitj- which prevents him 
ttom domg te ^,1 ,-oA_Ae disabUii,- having arisen fam 
a disease which he contiacKd because of certain pecnliat dr- 
cnmstances m ius occupation. 

IndustruJ Hygiene Enffneering Survsy.-lt h apparent 



1054 


C. O. SAPPINGTON 


occur, the prevailing conception is that most adult tuberculosis 
is the result of contact infection. 

According to Dr. Louis 1. Dublin,^ there has been a steady 
decline in the rates of tuberculosis mortality reported in the 
U. S. Registration Area, from 98.9 per 100,000 population 
about 1920 to 46.8 per 100,000 population in 1940. Alortalit)' 
rates appear to rise early in adult life among white males and 
to continue this rise into the older age groups; however, 
tuberculosis remains responsible for more deaths between the 
ages of tiventy and forty years than any other disease, and 
it is stated that approximately* 16 per cent of all deaths be- 
tween the ages of twenty’’-one and thirty-six y^’ears are attrib- 
utable to tuberculosis. \ATiite females in contradistinction to 
u^hite males, show a more rapid rise in rates between the ages 
of ten and twenty years and a gradual dropping off of the 
rates between twenty-five and forty-five years. Rates in the 
Negro population continue high as compared vuth whites, 
being three to four times that of the white race. 

It is particularly important that those who have to do with 
diagnosis, treatment, and rehabilitation, accept a recognized 
classification of pulmonary tuberculosis. Details cannot be , 
given here, but reference should be made to “Diagnostic 
Standards and Classification of Tuberculosis,” 1940 edition. 


published by the National Tuberculosis Association. 

The cost of tuberculosis has been variously approximated 
by different obsen^ers. Major General Charles R. Reynolds" 
has estimated the cost of tuberculosis for each man, taken 
into sendee wdth tuberculosb during World War I, or who 
developed the disease during or after his service, as between 
$7000 and $10,000, and that the total cost of tuberculosis 
among veterans is rapidly nearing the one billion doUar mark. 
Figures have been quoted as to the cost of tuberculosis among 
industrial employ^ees, the most recent quotation being $4000 


per person involved. 

The effect of the working environment, as already indi- 
cated has given rise to differences of opinion which have a 
medicoletral implication. For this reason, the Saranac Labora- 
torv^ at Saranac Lake, New York, held a Syrnposium on 
Tuberculosis in Industry, in June, 1941, at which nearly 
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capable of conummicating the disease-for example 
and other attendants in tuberculosis sanatona. M ^cepno^ 
to this principle, xvHch has been recog^ed m the legal pro 
visions in some states, is where tuberculosis oc^ as a super- 
imposed complication of silicosis, contracted dunng employ- 
ment; in such instances, however, it is necessary- to show 
causal relationships uith respect to employment and silicosis 
by the use of industrial hygiene engineering procedures, as 
previously- indicated. 

The Toung of disability, rehabilitation measures, and cri- 
teria for return to arork become matters of great importance 
in the adjudication of compensation cases, when and if causal 
relationships have been scientifically established in the de- 
termination of genuine industrial etiology’'. (It is obvious, but 
must be mentioned, that no person with active tuberculosis 
should be at work but should be taking bed treatment.) As 
stated by- Dr. W. A. Sawy-er,^ who has had considerable ex- 
perience utith tuberculosis in an industry- with diversified 
forms of employment: 


“■The n-pe of mdiridoaL the smoont and length of infection, age, sex, 
race, former and present living conditions, len^ of treatment,' rapidity 
and completeness of healing, are all factors to be tvei^cd in determinma 
disabiliu' and return to work. Perhaps most important is adjustment to life 
in general and to the experience of tnbercnlons infection in particular. 
So often, the ability to fit back into routine work is a measure of how well 
the individual imbibed the lessons taught during treatment. I have known 
individuals to fail to readjust to work because they lacked a certain balance 
and steadiness. They could not reduce thrir extracurricular activities suS- 
dently to protect their reserve enerev.” 


Tuberculosis in Heavy Industry. -The. experience® of a so- 
called “heavy indu^-” is also of interest. In this plant it is 
realized that criteria for permitting men to return to work 
sfter an absence due to pulmonary- tuberculosis represent a 
problem which is closely tied up xidth tuberculosis case fnd- 
a program which goes on continuouslv at that plant. 

result from the pro^am, as foUows: 
( ) Llimcally amve (^es, needing immediate sanatorium 
(many of them mth open ca\-ities), are discovered be- 
fore the individuals are sick enough to have sought medical 
are o their o-wn accord. (2) Most discovered cases are either 
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that to establish etiological relationships bet\veen occupation, 
disease, and disability, it is necessary to make a scientific as- 
. sessment of the factors in the working environment which 
may contribute to the etiological relanonships. In specific 
terms, this usually involves an industrial hygiene engineering 
survey in which, by instruments of precision and laborator}' 
methods, one can determine the nature of the exposure, both 
in quantity and quality, and then decide whether the ex- 
posure is really a hazardous one, capable of producing dis- 
ease— by making comparisons with accepted standards. There 
are no other defimte means of securing this information. 

Applying this principle to the problem of tuberculosis 
among industrial employees, this means that an industrial 
hygiene engineering study must be made, particularly of the 
dust in the working environment of the employee, taking into 
consideration as required items of information the amount of 
dust generated during various operations, the particle size of 
the dust, the free sih'ca content of the dust, and the period 
of exposure to these factors. 

Merely because an employee has been exposed to free 
silica dust does not justify the conclusion that there was a 
hazard present in his former occupation. Medical e.xaminers 
have constantly placed unwarranted confidence in the state- 
ments made by patients that they worked in a dusty atmos- 
phere, and have proceeded at once to etiological and diag- 
nostic conclusions, based merely on speculation and surmise. 

Experience with the incidence of tuberculosis in industrial 
groups has definitely proved that only where large amounts 
of high free silica dust are inhaled over a period of years is 
that incidence unfavorably affected. Other air contaminants 
and physical conditions of atmosphere, such as gases, vapors, 
fumes, high and low temperatures, humidity, have not been 
found to exert an imfavorable effect on the tuberculosis mor- 
bidity rate, ■ , 

Fuhnomry Tuberculosis as an Occupauonal Disease.— Vm- 
monary tuberculosis per se cannot be considered an occupa- 
tional isease within the meaning of the word “occupational,” 
except in those instances when during the regular dudes of 
the employee he or she comes into contact with other persons 
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Legal Problems 

It is important to keep in mind that although there has 
been a deLite trend ton'ard the mclusion of occupanon^ 
diseases in state compensation Ian's, more than half of t: 
states have not yet placed such disabilities imder compensa- 
tion coverage, except as they may be comphcauons of acci- 
dental injuries. Tliis statement is of tremendous significance 
in the consideration of tuberculosis as a compensaaon prob- 
lem, because it means that in more than half the states resort 
must be made for remedj' for alleged occupational diseases 
to the common law courts, thus increasing the cost and length 
of litigarion. 

Some state supreme courts have rendered decisions to the 
effect that tuberculosis is not an occupational disease. In 
other jurisdictions, there has been such a variet}' of opinions 
that the material seems to represent a maze of judicial con- 
tradictions. 

It is upon this background of legal and legislative uncer- 
taint)' that iMr. Henr)' D. Sayer® has proposed (the suggestion 
being an individual one and not of any group or organiza- 
tion) that tuberculosis might be treated directly as an occu- 
pational disease under the law, not by broad general terms, 
but by ver}* specific and definite provisions. Not every case 
of tuberculosis occurring in a 'ivorker should be compensated 
and none should be acithom a just basis of liability of the 
employment. Mere fanciful aggravations and activations of 
a pre-existent lesion should not be permitted to impose a 
liabiht>' upon the employer. Nor should sjmpathetic consid- 
erations and social needs be permitted to* take the place of 
facts establishing fairly the liability of the employer. The 
questions would be so involved that determinations made by 
la>-men, although they might be ever so sincere, would lea*d 
certainly to strange results in some instances. A board of 
expert medical examiners should be used to determine medical 
issuK mvolved in a claim. It is realized that some sort of 
gradual approach to liabilit)-, such as was done in New York 
and som^E otfier smtes u-ith reference to the siHcosis problem 
should be plamed and that there tviU be many deta£ which 
uiU necessarily have to be settled. The plan calls for the 
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inactive or only questionably active. These are usually per- 
mitted to continue working, and are kept under supewision, 
including periodic chest x-ray films. In the event it is decided 
that the employee is to leave work to take treatment, there has 
been built up a file of data from which it is relatively easy to 
estimate changes in the disease process. (3) Some knowledge 
has been gained as to the influence of various types of hea^y 
industry employment on the course of the disease. 

Return to 'work in the above plant after an absence due to 
pulmonary tuberculosis is- based on evidence of inactivity: 
(1) in x-ray films, the lesions must be apparently inactive and 
have shoAvn no change in recent serial films; (2) the sedimen- 
tation rate must be normal; the Weltmann test has been used 
as a hematological adjunct in a few cases— in a limited experi- 
ence it has proved reliable; (3) physical findings must indi- 
cate inactivity of the lesions; and (4) sputum must be nega- 
tive— this finding has little value because direct smear e.x- 
amination is the only procedure available to this group. 

It was also found from the heavy industry experience that 
the type cf 'work to which patients return is probably a mat- 
ter of some importance. Deference is paid to the accepted 
view that hard work should not be engaged in for some time 
at least. Studies of inactive cases under observation have 
showm that the dr}^ hot environment is of itself not harmful. 
^^^ork in the open, tvithout protection from the weather, has 
hotvever proved to have an unfavorable influence on the 
coiurse of the disease. These established environmental influ- 
ences are given full consideration in the return to xvork place- 
ment. Individuals are x-rayed at specifically determined 
inter^'^als. Those xvho did hard physical work before they 
“broke dowm” are, in some instances, permitted to return to 
their former jobs after prolonged obsen'^ation, provided that 
the jobs are not located in the open. Supervisory examina- 
tions, including single films of the chest and sedimentation 
rates as minimum procedures, continue to be made at inter- 
vals specifically determined for each case. 
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Waters especiaUv with reference to ckims for tubercdosis ^ a djseas^ 
in whithtiie indnstrial enriroament [other diM trauma] has been alleg 
to be die cause of tuberculosis or to be an incidental factor.) _ 

3, In \ievr of the fact that in certain instances tuberculosis has been 
held to be compensable, either as an occupational disease or as an acci- 
dental injmy, and the further fact that employers may be faced wth com- 
mon law litisarion involving claims for tuberculosis mjunes, it may be 
well for indu^* to give cautious consideration to the possible compen- 
sation of such injuries as if tuberculosis were a compensable occupational 
disease. Legislation providing compensation for tuberculosis will probably 
present more perple.ting problems than that for any of the dise^es now 
conadered occupational and, if such legislation is to be enacted, it should 
be surrounded by safeguards that tvill accomplish the following purposes: 

A. To require a minimum period of emplo}Tnent under the employer 

sought to be held liable. 

B. To relieve employers from liability for tuberculosis existing in em- 

ployees prior to the enactment of the proposed law. 

C. To establish the amount of compensation payable at a figure less 

than that provided for other diseases now considered occupational. 

D. To provide competent medical examiners for the determination of 

the disease, its causation, and the evaluation of disabilitj*. 

E. To relieve the employer from the cost of hospitalization and medical 

treatment by having the State provide such care. 

It was acknowledged by Ak. Waters that the subject is 
broad, intricate, and perplexing, that it is of concern to evert' 
employer because of the potential cost to be imposed upon 
him for compensation for disability from tuberculosis. It was 
construed to be a further step in the direction of health in- 
nirance and it was believed that industr}* is not prepared at 
present to assume this additional burden. The problem is also 
of concern to eveiy employee because it may lead to the 
denial of emplo)*ment to workers on account of the potential 
expense of compensation to be awarded. Considering the dif- 
ficulties under the administration of present occupational dis- 
ease laws and repeated instances of the inabifity of older 
employes to procure emplo^-ment because of the potential 
cost of compensation under such statutes; it was believed that 

to provide compensation for 
mberculosis disability, « would be inevitable that indusm- 

b employ men or women who have evidenceof 

healed or arrested pulmonar>^ infection. 
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cooperation of all parties in industry, the best thought of the 
medical profession, the best skill of the engineering profes- 
sion, and the help of public authorities and legislatures. Mr. 
Sa 5 'er stated that he was mindful of the imperfecdons of the 
suggestions made, but it was hoped that they would represent 
a contribution toward the solution of the problem of tuber- 
culosis in industry. 

In an unpublished paper enrided “Trends Toward Com- 
pensation for Tuberculosis as an Industrial Disease,” read 
before the Sixth Annual Meeting of the Industrial Hygiene 
Foundation of America, at Pittsburgh, November 12-13, 
1941, i\'lr. Theodore C. IVaters’ similarly discussed existing 
legislation and supreme court decisions. He stated that in 
none of the states in the United States that provide compensa- 
tion by the schedule method is tuberculosis, per se, com- 
pensable. In those states it has been held to be compensable 
only w’hen it follows or is superimposed upon some other 
compensable injury or disease, as for example, when silicosis 
becomes complicated by tuberculosis. In all other states, the 
question as to whether or not tuberculosis is compensable 
under the statute is subject to administrative or judicial inter- 
pretation. After commenting upon legislation and supreme 
court decisions, Mr. M^aters summarized his conclusions as 
follows: 

1. Tuberculosis is not an occupational disease ■within the legal defini- 
tions of that term that have been incorporated into our statutes and an- 
nounced by judicial decisions. There should be no qualification of this 
conclusion except as to those cases where tuberculosis is superimposed upon 
a traumatic injurj' or other compensable disease or in cases where nurses 
or attendants of tuberculous patients contract the disease. 

2. In those states where courts have affirmed awards of compensation 
for tuberculosis as an accidental injury, the courts seem to be too willing 
to accept the findings of fact by industrial commissions without analj^zing 
the testimony, and bind themselves by the commissions’ findings where 
such findings are contrary to die weight of the evidence. They have 
affirmed awards where the evidence on behalf of the claimant has been of 
the flimsiest character, reljnng upon the rule of law to the effect that any 
evidence no matter how h’ttle or how weak, tending to prove the causj 
relation benveen the alleged accident and the incidence of disease, is legally 
sufficient to support an award. In cases of this character, most of the" evi- 
dence as to the causal relation is highly speculative. These decisions repre- 
sent an effort at liberal construction of a given law that fails to give effect 
to lemslative intent. (The author can add similar experience to that of Mr. 
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rience, time and money, especially ^i-hen compared with other 
diseases common to the general population. 

Present and Future Factors Affecting Inctdence.-ln spite 
of the tremendous decline in the tuberculosis death rate m ttie 
registration area of the United States during the past twent)' 
years, it must be kept in mind that the disease is now respon- 
sible for more deaths betu-een the ages of nventy and fort>' 
years (the so-called industrial age) than any other disease, 
and furthermore, that about 16 per cent of all deaths between 
the ages of nventy-one and thi^-sk years are due to tuber- 
culosis. As pointed out by the Institute of Life Insurance, 
business booms bring a rise in the death rate (this meaning a 
general death rate) while a depression lowers the death rate. 
The theory is that -unth money plentiful people live faster 
and more dangerously’', and this applies particularly to wage 
earners. It is reasonable to believe therefore that the tuber- 
culosis rate among wage earners will rise during a boom, not 
because more money is being earned, but because there are 
more of what Dr. W. A. Satvyer calls “extra-curricular activ- 
ities” which tend to lower the normal powers of resistance 
and therefore increase the chances of the contraction of the 


disease. Moreover, it is well known that during a postwar 
depression the incidence of tuberculosis rises and it can be 
expected, therefore, that the lowered standard of liv ing 
through increased unemploynnent, utU contribute unfavor- 
ably toward the morbidity and mortality rates of pulmonary’^ 
tuberculosis. (There are already signs of the effects of war 
conditions on tuberculosis.® A survey made by’’ G. J. Drolet, 
assistant director of the New York Tuberculosis and Health 
^Delation, has shoAra a rise of mortality in nineteen of 
forty-six large cities, during the period January 1 to Novem- 
ber 15, 1941-although the general rate for the entire nation 
w^ loAver. The upward trend in metropolitan areas was at- 
mbuted to war conditions and lengthened hours of work in 
derense industries.) 


5>UMMARY 


ml'i' “ '“soraWc to expect an increase in the morbiditv 
and ntottaht,. rates of puhnonary tnbeicnlosis and, AetZe, 
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DISCUSSION 

The -nToIe problem of tuberculosis in industrial employees 
is one of economics, and involves case finding, treatnieTit, and 
rehabilitation. At the present time, it is estimated that a case 
of tuberculosis in an industrial emplovee costs somebodv 
S4000. 

The money used for treatment and rehabilitation pro- 
cedures is a function of the time involved and is direcdy pro- 
portional to the chronicit)^ of the disease. It must be under- 
stood that this is variable to a certain degree in different indi- 
viduals. 

If the experience of a ten-year period of service at the 
Potts Memorial Hospital, Livingston, N. Y. can be considered 
tj^ical, there are some interesting figures for our considera- 
tion.® In a group of 246 tuberculous patients, the folloving 
data on 'work capacity at discharge, according to length of 
stay, have been set forth in the report: Of those who were 
patients for four months and less than six, 13 per cent vere 
discharged either “apparently fuUy rehabilitated” or “prob- 
abl)' fuUy rehabilitated;” those staying six months and less 
than nine— 15 per cent; nine months and less than tv^elre— 16 
per cent; twelve months and less than fifteen— 11 per cent; 
fifteen months and less than eighteen— 11 per cent; eighteen 
months and less than tv'enty-four— 11 per cent; and tv'enty*- 
four months, but less than thirty— 8 per cent. The report 
further shows that 85 per cent of the patients w^ere discharged 
from the sanatorium in less than thirty months. Of the 85 
per cent, approximately 42 per cent had been “apparendy’ 
or “probably fully rehabilitated,” and 43 per cent were “par- 
tially’'” or “not rehabilitated.” At the end of the first five- 
y*ear period and at the end of the second five-year period, 
respectively*, the following figures obtained: 70 per cent and 
85 per cent were well and working; 12 per cent and 9 per cent 
were curing; and IS per cent and 6 per cent were dead. 

It is thus^vident that in a well regulated institution, where 
organized and systematic attempts are made at early work 
tolerance under well directed supervision, the problem of 
restitution of tuberculous patients to society as self-sustaining 
individuals is one involving expenditure of considerable pa- 
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7. Professional tesmnony in compensation 
siderable clarification especially regard to ; 

ficarions of ph>-sidans girmg tesomo^-, ^dance hy 
oScial medical agencies, as illustrated by the A Iinnesota ex- 
periment. It seems rational that organized medicme must itseli 

undertake to do this job. i c ~ 

S. Professional qu^cations for the personnel of quaa- 
iudicial bodies, such as industrial commissions and _^eaal 
medical boards, must of necessit},- be raised and specific re- 
quirements met, if the complicated medicolegal problems of 
occupational diseases and alleged occupational diseases are 
to be equitably handled. 

9. The economics of tuberculosis among industrial em- 
plovees presents a tremendous problem in financial under- 
writing. Indusm* can by no means attempt to carr^* any 
greater burden than to defray the costs of case finding; the 
costs of treatment, rehabilitation and vocational education 
must be left to private agencies or to ofBcial public agencies. 

10. If legislation is to be passed providing that tuberculosis 
disabilitN* among industrial employees shall become com- 
pensable. the provisions in the foregoing paragraph should be 
included together with other safeguards, as proposed by Alf. 
Saver and Air. AA'aters, and dted in this paper. Otherwise, 
the financial burden on industry will be so great compara- 
tively, that the difficulties arising from silicosis durinsr the 
past ten years will be as a drop in the bucket. 

n. Finally, this subject nee^ great clarification and study. 
It is respectfullN recommended that serious thought be given 
to the consideration of the appointment of national and'^state 
Commissions for the Study of Tuberculosis in Indusm* as a 
m^ns of suppK-ing adequate information for medicolegal 
guidance. ® 

to lifted length of this p.per has made it necessarr 

J imporant decisions, and lesisladon and other material ft 
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an increase in the number of claims among industrial em- 
ployees, 

2. Pulmonary tuberculosis cannot per se be considered an 
industrial or occupational disease, except among employees 
who have personal contact with tuberculous patients, such as 
in hospitals and sanatoria; in industries where there is a great 
deal of high free silica dust generated, and where such an 
exposure over a long period of time is an incidental factor in 
unfavorably influencing the tuberculosis morbidity. It should 
be kept in mind that free silica dust is not the direct cause of 
tuberculosis— that relationship is limited entirely to the 
tubercle bacillus. 

3. Where claims are filed against employers for tuber- 
culosis in industrial employees, careful investigations must be 
made of the working environment, by means of industrial 
hygiene engineering studies, through which data may be 
secured as to whether high free silica dust exists in sufficient 
quantities and over a suflicient period of time to be appraised 
as an indirect factor in unfavorably influencing tuberculosis 
morbidit)^ In instances where direct contact is alleged avith 
tuberculous patients, epidemiological studies should be insn- 
tuted. There are no other scientific means for evaluating the 
etiology in the occupational environments for these types of 
exposure. 

4. Phy’'sicians generally are not accustomed to inquinng 
into the engineering aspects and the epidemiological phases of 
occupational emdronments before presenting testimony m 
tuberculosis claim cases. Advantage should be taken of the 
services of ofiicial public health agencies and consultants m 
this respect, so that phy’^sicians may have at least some knowl- 
edge and appreciation of the application of this type of 
information. 

5. Diagnostic standards of the National Tuberculosis As- 
sociation should be followed Avith reference to the diagnosis 
and classification of tuberculous patients. 

6. The rating of disability'^ and criteria for return to work 
should be put upon a practical basis, similar to the examples 
given in this paper, wth adaptation wherever needed, to the 
specific problems involved. 
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nutrition in industry 

WIUUAM A. SAWYER, M.D.* 

The numtion of workers in industry is a relatively new 
phase of industrial mefcine. As the preventive aspect of m- 
dustrial medicine has become more generally recognized, the 
value of proper nutritdon has been given more attentiom The 
fact that diet inadequacies do affect the workers efficienc)-, 
absence record, injur)' record, as well as his general physical 
and mental well-being is beginning to be accepted by the 
most discerning of industrial leaders. They realize that if 
workers are to keep well and turn out a ma:^um of produc- 
tion proper nourishment is necessary. 

Have industrial workers been living on diets below the 
level considered adequate by leading nutrition authorities? 
This is a question winch should seriously concern every one 
interested or in any way involved in the welfare of workers. 
Little information is available as regards the diets of workers 
themselves as distinct from their families. Surt'eys have been 
made in some parts of the country which seem to indicate 
that in a large percentage of cases workers and their families 
have been eating diets considerably below what they should 
be. 

Srieblmg m reporting on the diets of employed workers’ 
families in different regions found that 26 per cent were poor, 
45 per cent fair, and only 26 per cent good, as defined by 
Sherman. Among these families of employed workers, poor 
iecs were least common in the Pacific Coast cities (approx- 
imately 12 per cent), less common in North Atlantic cities 
(approximately 20 per cent), and most common in the South 
(40 per cent in whites and 70 per cent in Negroes). The per- 
centage of poor diers would be even greater if measured by 
the allowances specified as nec essary by the National Re- 

• Medical Director, Eastman Kodak Company, Rockester, New York. 
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Breakfast is appareatlv inadequate in quantit>- and quaHn* 

entkelv. Luncheon is inadequate in qualip 
and often in quanrin*. Dinner is adequate in approNimateh 
90 net cent of the cases. 

Durins the summer of 1941 Dr. Robert S. Goodhart, on 
behalf on the Committee on Nutrition in Indi^- Ox the 
National Research Coundl, visited thirty-three large md^- 
trial concerns. He found in a casual survey that the ma]ont> 
of n-orkers chose poorly-balanced meals, even vs-hen a good 
choice was available. iMdk uith meals v.-as taken in only 10 to 
25 per cent of those observed. In a large plant on the ^'\'est 
Coast. Dr. Goodhart found that the sales of milk and orange 
juice ran a verv' poor second to that of soft dnnks. It was a 
custom to send rolling carts through the plant in mid-mom- 
ing and mid-aftemoon. The largest sales were of candies and 
soft drinks. Around many of the plants of mushroom growth 
during the past nvo years, low grade, inadequate restaurants, 
and stands have sprung up. Their menus are not only limited 
as to varien* but often sadly lacking in qualit)'. Dr. Good- 
hart relates that in a I'S'est Coast plant nith 5000 day shift 
workers, many arrived without their breakfast. Some came 
50 to 40 miles to work each morning, reaching the plant at 
7 A.M. The manager of the lunch concession sejves over 1000 
breakfasts daily of doughnuts and coffee. A siinilar situation 
was found in a large foundin' near the Atlantic seaboard 
where the favorite breakfast was Danish pastr>' and coffee. 
In his report. Dr. Goodhart observes, “It is not unreasonable 
to suppose that such conditions must have adverse effects 
upon the nutritional status and health of the American 
worker.”^ Certainly we cannot expect to build solidlv on 
such a dietar}'. 

It is regrettable that more carefully recorded surveys are 
not available. If anyone nishes to find out what the situation 
is in his own plant, a check on tra\-s or selections can be made 
easil\ . .M^ should be classified as good or adequate if thev 
include the following: 

1. -Meat, fch cheese or egg dish (served as a hot food or in - 

sand\nch made o. whole grain or vitamin enriched breadl 

2. ^ egetable (hot or cold) or fruit «nxvnea oread) 

3. Milk, milk soup, cheese, creamed dish, or custard 
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search Council’s Food and Nutrition Board. Sherman’s stand- 
ards are lower in almost all respects.^ 

NUTRITION AND DEFENSE 

The question which should concern us more particularly 
just now is what kind of meals are workers in our war in- 
dustries receiving. To be sure, we should always be con- 
cerned wdth right food for w^'orkers, but in this world-wide 
life and death struggle better nourishment is of paramount 
importance. Doctors and dietitians pale at the sight of defense 
workers eating a hamburger and a bottle of “pop” for lunch, 
or of workers rushing off to duty in the morning vithout 
any breakfast. Neither men nor women can do good work 
wdthout breakfast or with an inadequate lunch. 

There are always workers who are considered lazy or slow 
to make adjustments. The trouble may be not udch their 
minds or their ambition, but with their stomachs! I^Tiat they 
need is good food-food that wdU “fill the corners” and nour- 
ish the nerves, the blood stream, the skin, the teeth, and the 
brain. 

If 45 per cent of the defense projects w'^ere found to be de- 
fective, public indignation would run high. And yet 45 per 
cent of our young men who were examined for the army 
were found to be below par physically," and poor diet is 
doubtless responsible for a large percentage of this. Is not vidu 
po'U'er just as important as machive pow’^er? 

THE WORKER’S DIET 

Prevalence of Inadequate D/err.— Those of us w’ho have 
observed what the worker eats in plant lunch rooms and in 
the home are immediately impressed by the inadequacy of 
selections. 

■\^^e are concerned particularly unth the noon 7neal, as that 
is the one eaten in the plant dining rooms. These meals can be 
divided roughly into three groups: 

J. Lunches purchased in dining room. 

2. Lunches brousht from home and supplemented with a hot dish, 

a glass of a dessert, or all three of these. 

3, Lunches brought from home (usually a sandwich, cake or cookies 

and occaSonally fruit) and not supplemented, or supple- 
mented with only coffee or a soft drink or candy. 
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icians and Surgeons* has sent the foUoudng quesrionnaire to 
its tu’elre hundred members: 


Dietary QuEsnoxxAiRE 

I. t^Tiat is approximate number of employees in j-our organization? 

Day shift Evening shift Night shift 

II. S:ippJcTnentj] Feeding: 

1. Does management provide any supplemental feeding between usual 

meal times? M’hat is provided? 

At what time(s) provided? 

How dispensed? Lunch carts, lunch counters, vending machines 
(underline). 

2. Are vitamin concentrates given to employees? If so, 

what vitamins? 


HI. Ejting Fedlilies: 


1. IMiat eating facilities are available for employees? 


(a) Cafeterias or restaurants 

(b) Rolling kitchens 

(c) Lunch stands: Hot foods 

Cold foods only (ex- 
cept coffee) 


(d) Vending machines: (under- 
line foods available) sand- 
wiches, milk, fruit, cake, 
pie, other 


Are there any separate facilities for executives or supervisors? 


2. Are the facihties operated by the management or by a concestion? 
(underline) 


If a concession, do employee organizations benefit by any profits? 

If management operated, is the management satisfied to "break 
even"? 


V^at e.xpenses oth« thm food are charged to the cafeteria? (under- 
line) Rent, salanes, light, fuel, equipment, insurance, maintenance 

3. VTiat proportion of the emplovees use the plant cafeteria or lunch 
service? 
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The lunch is inadequate if lacking any one of the above. 
Such a survey vvtII probably give some startling data; it is 
valuable if an effort is to be made to reorganize scientifically 
a plant food service. 

Remits 'with the Oslo Cold Diet in England— In England, 
because of nutritional inadequacies among workers and the 
necessity of keeping up heffth by a well-balanced ration, 
nutrition experts are attempting to give in the six days of 
work one meal each working day or period containing at 
least tv'^o-thirds of the daily vtitamin and mineral needs. It is 
now a law in England that in all plants of over 250 employees 
facilities must be provided to give one good meal each day. 
In most instances the workers pay for this. The cost averages 
approximately 25 cents. I^Tiere the Oslo Cold Meal has been 
used, it has met vtith general acceptance. This consists of 
milk, whole wheat bread or biscuits, butter and raw fruit or 
vegetables— the so-called protective foods. This meal, of 
course, has the advantage of requiring no cooking or prep- 
aration. 

“In the October 1940 issue of the Jottmil of the Royal Institute cf 
Public Health and Hy^ene (vol. 3 , p. 253 ), Alaigaret D. IVright describes 
an experiment in substituting the Oslo meal for the hot mc3 previously 
served, in a small industrial canteen in Great Britain. Her report is of 
particnlar interest because, throughout the period of study, the employees 
tvere permitted a free choice between the Oslo meal and their usual lunch, 
either meal being obtainable at the same price. The daily variation in the 
number of lunches of the Oslo type consumed, during the month of study, 
ranged from 61 to 85 per cent of the total lunches, the lowest weekly 
average (71 per cent) being obtained for the second week of the expen- 
ment, 

“Her work demonstrates the practicability of attempting to change the 
dietary habits of workers by attacking sunultaneously along the lines of 
educarion, economy and provision. 

“Miss Wright makes the interesting observation that “The educational 
value of the meal must be considerable, as the workers here will certaiHy 
discuss it in their homes. The practical example of having the protecnve 
foods presented daily in attractive combinations will do more to inculcate 
the knowledge of which foods are important for health than any other 
appeal which could be devised for a community so diverse in occupation, 
interests, and general background.’ 

Dietary Questionnaire.— la order to have more facts regard- 
ing how workers are fed in the plants, the Committee on 
Nutrition of the American Association of Industrial Phys- 
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tional defidendes, such ssrery mid mtersdnal kmuds, char- 
acteristic of early riboflavin defidenc} . 

AVdliams. ^^'ilder, and their associates^ have shoxra some 
vm- inter^g results in adults maintamed on a thumme 
Bi) deficiency for three months. Fatigue, lassitude, 
and loss of appetite developed early and increased progres- 
rively. The more active the person, the sooner did severe 
s^Tuptoms develop. Other sjTnptoms observed were depressed 
mental states, sreneralized n'eakness, dizziness, backache, sore- 
ness of muscles, dt-spnea, insomnia, anorexia, nausea, vomit- 
inu, loss of tvdght, roughness of the sldn, and flabbiness of the 
musde, Capadn* for muscular work fell progresrively and 
there were indications of weakened heart action. Restoration 
to the diet of adequate amonnis of thi'jrnine sooner or later 
brought an end to these agns and somiptoms. 

These investigarors have further shown that a diet snffi- 
deutly rich in thiamine to prevent the development of 
obvious deficiency disease is not necessarily adequate for the 
best nutritional state, for larger amounts increased the alert- 
ness and attendveness of experimental subjects and led to 
increased working capacitt'. 

Since leading authorities in nutrition have expressed the 
view that thiamine deficiency is probably one of the most 


common dietaiy deficiencies in this countrv', it should be 
obvious to any physician engaged in supervising the health 
of workers that there is nothing more necessarj- and ursent 
than an eSort to improve the dietarv* of workers, thereby 
preventing such signs and sjTnptoms as outlined above. 

Poor diets are apt to be deficient m more than one essential. 
Persons who suSer from pellagra because of a deficiencv of 
niacin (nicotimc add) are apt to show signs of defidency in 
thiamine and riboflavin as welL A diet compararivelv low in 
several essentials may produce a condition which mav be and 
otren is mistaken for neurasthenia. In these cases ^ere is a 
rapid renm to good health when the individual is put on a 
diet rich in all the essentials. 


hutntionj} Condrt!omng.~\\i± such defidendes as have 
been mennoned above, one cannot help specularimr as to the 
results ot feeding adequately a group of at least a thous^d 
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4. How much is the average meal check? 

5. Do you employ a trained dietirian as manager of your restaurant 

facilities? 

If not, what qualifications does the manager have? 


6. Does the plant physician have any jurisdiction over or any connec- 

tion with the cafeteria service? To what extent? 

7. Are combination plate lunches served? If so, at what price; 

To what extent purchased? WTiich of the fol- 
lowing do they include? (underline) 

Soup Potato or substitute Salad Bread and butter 

Meat or Vegetable Beverage Dessert or fruit 

substimte 

8. Has any study been made of food selections? 

Name of organization 

SPECIFIC DEFICIENCIES 

Recognizable nutritional diseases exist in many parts of the 
countrjL Beriberi has been found in some of our eastern sea- 
board hospital clinics and in Western New York and Ohio. 
In addition to neuritis, certain cardiovascular manifestaaons 
of the disease have been obsen^ed frequently. 

Pellagra prevails nddely in the South where mitritional 
edeim is also found in some 15 per cent of hospital patients. 
Nutritional anemia is common. Scurvy, rickets, and other 
specific deficiency diseases may be found occasionally 
throughout the countr}’'. While we would not e.xpect to find 
among industrial workers generally many clear-cut cases of 
these easily recognizable deficiency diseases, nevertheless with 
the poor diet selections obsen-ed in our plant restaurants, it 
is reasonable to assume that there are numerous borderline 
deficiencies. There is a wide range between the mildest forms 
of malnutrition and the frank easily diagnosable case. Re- 
search is revealing the earliest signs and symptoms of nutri- 
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tional deficiencies, such as jer>- mild interstiaal keranns, char- 

acterisric of early riboflavin deficiencj . 

■Williams, ^^filder, and their associates" have shoiim some 
ver%- interesting results in adults maintained on a tkumne 
{vitmHn Bi) deficiency for three months. Fatigue, lassitude, 
and loss of appetite developed early and increased progres- 
sively. The more active the person, the sooner did severe 
symptoms develop. Other stunproms observed were depressed 
mental states, generalized weakness, dizzin ess, backache, sore- 
ness of musdes, d.vspnea, insomnia, anorexia, nausea, vomit- 
ing, los of weight, roughness of the skin, and flabbiness of the 
muscle. Capadn- for muscular work fell progressively and 
there were indicauons of weakened heart action. Restoration 
to the diet of adequate amounts of thiamine sooner or later 
brought an end to these signs and symptoms. 

These investigators have further shown that a diet suffi- 
dendy rich in thiamine to prevent the development of 
obvious deficiency disease is not necessarily adequate for the 
best nutridonal state, for larger amounts increased the alert- 
ness and attentiveness of experimental subjects and led to 
increased working capadtj*. 

Since leatfing authorities in nutrition have expressed the 
view that thiamine defidency is probably one of the most 
common dietary' defidendes in this country, it should be 
obvious to any phyrician engaged in supentising the health 
of workers that there is nothing more necessar)' and urgent 
than an effort to improve the dietarj* of workers, thereby 
preventing such agns and symptoms as outlined above. 

Poor diets are apt to be defident in more than one essential. 
Persons who si^er from pellagra because of a deficiencv of 
niadn fmcotimc add^ are apt to show signs of defidencv m 
thiamine and riboflaitin as well A diet comparativelv low in 
several essentials may produce a condition which mav be and 
often is mistaken for neurasthenia. In these cases there is a 
rapid retim to good health when the individual is put on a 
diet nch in all the essentials. 

Ntitritional Conditionmg.~\Yixh such defidendes as have 
beeii mentioned above, one cannot help speculating as to the 
results of feeding adequately a group of at least a thousSd 
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workers over a period of one year, keeping ver}’^ careful 
records of all factors involved, and having a control group for 
comparison. It seems reasonable to suppose, in liew of certain 
research that has been done, that many of these indinduals 
would be greatly improved in health and endurance. Tlus 
would be a worthwhile effort in preventive medicine. 

“Some work carried on by the British Army in recent years demon- 
strates the improvement in h^th and physique which follows what might 
be called ‘nutritional conditioning.’ 

“The army authorities were farmed at the large percentage of wonld- 
be recrtuts who were rejected on examination. This was 52 per cent in 1934 
(56 per cent for the air force) and 43.4 per cent in 1935. A Phj'sical De- 
velopment Depot was established at Canterbury to deal with would-be 
recruits who had been rejected mainly for underweight and deficient chest 
measurement. (It had been found that men who were underweight when 
joining the forces were more L'kely to be invalided out than overweight 
men. It had also been determined that capacitj’ to endure severe ph)’sical 
stress was fotmd most commonly in overweight men.) 

“Aleasures for effecting improvement in the health of the unsuccessfnl 
recruits included: (1) optimum diet; (2) long sound sleep; (3) hard 
physical work; (4) healthy recreation. Milk and fruit were added to the 
presumably adequate army ration. In addition to four regular meals, a 
snack was served at 10:30 a„m. (milk or soup and fruit), and the men had 
tea (tea, biscuits and barley sugar) in the afternoon. 

“As a result of this conditioning, 87 per cent of 834 young men so 
treated were accepted and passed into the army. Only 5 per cent were 
afterwards discharged on grounds of medical defect.” ^ 

Present Studies of Diet and Nutritional Condition of 
Workers— It must be evident to anyone who has studied the 
situation carefully, so far as promoting the health and effi- 
ciency of war workers is concerned, that the greatest present 
need is more facts. ^Vith that in mind, the Committee on 
Nutrition in Industr>* of the National Research Ciouncil is 
organizing and sponsoring carefully controlled studies of the 
diet and nutritional condition of workers in several places in 
this country. One of these began in November of 1941 and 
plans for a second study are well advanced. In these studies 
a certain number of workers will be thoroughly examined, 
including a detailed food habit histoiy, with special consider- 
ation of signs of nutritional deficiencies. Nourishment will be 
given to some of this group in the form of natural foods and 
to others as synthetic vitamin supplements and minerals. Care- 
ful records of illness, absence from work, accidents, produc- 
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non ogcieocy, md so on, ndll be iept md comp^ons made 
n-ith a control gronp. In this way, it wnil be posable to draw 
some valuable conclusions as to the importance of overcom- 


ing nutritional deficiencies. _ . 

The medical examinations conducted in th^e studi^ in- 
clude such factors as a biomicroscopic examinanon of the 
eyes, detenniiiation of blood ascorbic acid, hemoglobin, red 
cell count, cell volume, serum albumin, and changes attrib- 
uted to vitamin A, thiamine, riboflavin, niacin (nicotic 
acid) , and vitamin C deficiencies. Gastro-intestinal complaints 
are carefull)' recorded, as well as all other significant factors 
in the medical and dietarj’’ histor}’. Such data together ndtli 
other facts as mentioned above should make a ver}* complete 
and convincing study. Similar rvorthwhile tests can be made 
in any plant mithout delving into as much detail. We need 
more survey's. It is hoped that many physicians in industnal 
medicine wiLl become sufficiently interested to carr\' on bits 
of research with adequate controls, thus making more con- 
vincing the real values of nutrition for workers. 


VITAMIN SUPPLEMENTS 

It is understandable why nutritionists recommend that in- 
dividuals get their vitamins and minerals in their food. That 
is obviously desirable. However, on the basis of accumulating 
evidence, there are many who do not eat the right foods, even 
when they have the opportunitj’’. I am convinced that the 
average individual does not obtain an adequate amount of 
vitamins and minerals in his daily diet. Furthermore, I won- 
der if anyone with an ordinary appetite or capacity for these 
protective foods can eat enough of them to get all the vita- 
mins required to maintain good health. 

It is true that, with a good diet, vitamin supplementation 
should not be necessarv'. But in industry w^e do not have 
much control over the employees’ diet except at the noon 
meal and there are countless numbers who bring their own 
food from home or buy a sandwich and a soft drink or cup 
of coffee. They may have a frirly good breakfast and a crood 

^c£ of'rhT" make up for the inade- 

f the noon meal. For this reason in our Medical 
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Department we advocate tatamin therapy to all employees 
who are subject to upper respiratory infections, under and 
overweight, and those working overtime under undue phys- 
ical and nervous strain. It has been interesting to note that 
they report less fatigue, more “pep,” and increased energ}’ 
as well as better appetite after taking the vitamins. It may 
be a “shot-gun” type of supplementation, but until we know 
how to test easily and accurately for different vitamin 
deficiencies, and in view of present urgent needs for better 
health, it seems safe and wdse to give as supplements at least 
the average daily requirement as recommended by the Com- 
mittee on Nutrition of the National Research Council. 

BETWEEN-MEAL FEEDINGS IN INDUSTRY 

No doubt we have all experienced that “let down” feeling 
that occurs in the middle of the morning and afternoon and 
that is alleviated by a nourishing drink (or one not so nour- 
ishing) and a snack of food. 

“All-out production” is taking its toll in taut and tired 
nenj-es, weary muscles, aching brows, and fatigue. Anything 
that can compensate and at the same time benefit the indi- 
vidual should be welcomed, for not only must bodies be kept 
fit, but morale must also be in tune if success is to be attained 
and oiu: fighting men properly equipped. Industry can do this 
by offsetting the long, tedious hours with a refreshing pause 
of a glass of cool fruit juice or fresh fruit; a sandwdch; milk, 
or in cold w'^eather a hot chocolate or soup. These foods are 
high in vitamins and minerals and help to furnish the body 
with the protective foods as well as refreshing the body with 
necessary calories. 

Haggard and Greenberg^ have sho^vn the effects of a 
carbohydrate meal that puts no burden on digestion and yet 
is a definite benefit to the diet. They state, “The average in- 
dividual finds it beneficial to eat beween meals in that he gains 
some feeling of well-being, some relief from tiredness, and 
increased productivity; and while there are those who do not 
experience these benefits, there are others who find bettt'^een- 
meal feedings an absolute necessity in preventing marked 
tiredness and decreased productivity.” 



TAiiti; 1.— A Nkw Yardsiick ifou Nutrition 

II,. Conmiiltcc on Fooih and Nutrition, National Rcc.irch Council 
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There are objections to between-meal feedings that present 
handicaps to the employer- Unless the feedings are easily ac- 
cessible, valuable time is consumed. If, however, a cart of 
assorted nourishing', hot and cold beverages can be rolled 
around through the work shops, little time is taken and much 
good accomplished. Canteens that offer tomato juice, bottled 
milk, and frmt juices are excellent adjuncts for industrial 
plants and are helping to solve the “beverage” problem. Soft 
drinks are now being froumed upon as offering nothing to 
the dietary but sugar— and most of the American diets are 
too high in sugar as it is. 

In connection with this problem the report of the Com- 
mittee on Nutrition in Industry of the National Research 
Council, 'Tractical Considerations for Industries Interested 
in the Nutritional Health of Their Employees,” lists the 
major causes of nutritional inadequacy among workers in this 
country- under four headings: (a) poor food habits; (^) poor 
commissary; (a) economic factors, and (d) metaboh'c stress. 
The significance of poor food habits has already been indi- 
cated, and poor covvmssary and econoviic factors are so 
obvious as to need no further comment. 

Since iiietabolic stress is particularly evident in those on 
shift work, one important problem in the field of proper 
nutrition for workers is making sure that these workers get 
a well-balanced ration. Especially is this true with those on 
s-ccing shifts. Changing hours of work every few weeks means 
disturbance to hours of sleep and regularin* of meal times. 
Some adjust very poorly to these variations. To be sure, in 
large numbers of individuals this is not a disturbing situation, 
but for many it brings on undue fatigue, nervousness, loss of 
appetite, indigestion, and loss of weight. The general obser- 
vation seems to be that they sleep less while on the day shift 
but eat more, and sleep more when on the m’ght shift but eat 
less. The disturbance to health can be avoided only by very 
careful adherence to an eating time schedule, comparable to 
the usuil meals of day workers, with care as to selection and 
quantity of foods. 
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program 

To brio^ the matter of nutrition in indv^^ home to many 
of^, S Sit of a piogram can be onted n hich ^ bo 
helpful in almost any industr)^ aii>Tvhere? It can be divided 
in the foUotviug manner: 

(a) The value and place of trained cafetena managers. 

(b) The importance of proper and adequate menus. 

(c) The education of workers regarding proper foods. 

(a) Trained Personnel 

Strange to say, there are few accredited dietitians looking 
after the nutrition of employees in industry, though the 
Army, Navj', Air Lines, Home Bureaus, schools, colleges, 
hospitals, and welfare organizations have long been cognizant 
of their contribution to mankind. Industiy, busy with pro- 
duction, has concerned itself primarily with bratvn and brain, 
while the “stomach” of the employee has gone nnnoticed, 
and he has been left to bis ov,m devices in getting his “three 
square a day.” The fact that he has done a prem* poor 30b 
of this, in light of our advancing knowledge, is iust begin- 
ning to dawn on our consciousnes. In adchtion, we are begin- 
ning to learn that his diet inadequacies have affected his work- 
ing efficiency, his absentee days, his incidence of accidents 
and his general physical and mental well-being. 

Dietitian.— 'hxinstxy has a problem child on its hands. It is 
the problem of seeing that workers, upon whom so much de- 
pends for our country’s war needs, are able to obtain right 
foods at least while on the 50b. You v,nll recall the effort in 
England to provide for workers in their one meal on the 30b 
as much of the necessary' daily requirements as posable. Cer- 
tainl} one step toward tiie best ansu’cr, and one which would 
alleviate most of the headaches for management, would be 
to hare at least one person trained in Home Economics, pref- 
erably a dientian, heading the cafeteria or canteen service or 
at least avail^Ie as a consultant. The advantages of such a 
person “ mdostry' are apparent. The dietitian should be made 
t^omible for the entme service of food mcluding purchas- 
g, pan^g preparation, serving, and cost accounting She 
should olso "hiio and &=” her ois-n employees 
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their working schedules. Her food budget should be flexible 
enough to allow for a rise in food costs and the necessan' 
price adjustments. 

\^^th a trained person heading the industrial cafeteria, food 
iriU be more ■R'isely purchased and the charge to the employee 
less. Standardized recipes ■will be used in food preparation and 
menus planned that trill be nourishing and adequate and at 
the lowest possible cost. Offering the employees a complete 
plate lunch is the best method of selling good nutrition. This 
should include a meat or alternative, potato and vegetable, 
beverage, bread, butter, and dessert. Cafeterias that offer a 
hot plate lunch of this type at 25 or 30 cents usually do an 
excellent business. The company may lose a few dollars, but 
they are repaid in employee satisfaction and better nutrition. 

(b) Provision of Proper Menus 

Industry should be “concerned primarily vuth the food- 
stuffs served on the premises of the industrial plant, including 
not only mid-day lunches but all food and drink obtainable 
by the employees on the premises, through the active or 
passive cooperation of the plant management. Industry can 
also render a valuable service by calling upon local health 
authorities actively to supervise those restaurants and lunch 
stands which habitually crop up in the environs of expanding 
industrial concerns.”^ 

“Measures designed to improve the plant commissary should inclade 
the eliiuinarion, in so far as feasible, of vitamin-free and sutamin-poor foods 
like candj’, sugar, highly-milled non-‘eruiched’ cereal products, soft drinks, 
and alcohol. Lunches and supplementary feedings should be designed to 
furnish the employee with the greatest possible proportion of his daily 
nutritional requirements. 

“In estimating cafeteria menus it is well to bear in mind that to meet 
the recommended daily allowances of the Food and Nutrition Board of 
the National Research Council requires the daily consumprion of at least 
one pint of milk; two servings of potatoes; two servings of fruit, one of 
which should be a citrus variew tomato; two vegetables, one of which 
should be Icafj'. sreen or yellow; one egg; one serving of meat, fish or 
poultry; a cer^ dish (whole grain); whole gi^n, or ‘enriched’ bread at 
every meal; and butter or fortified oleomargarine, the remaining calories 
to be supplied bv a choice of vitamin-rich foods. 

“It is e-ttremely important also that foods be prepared in such a manner 
that they are attractive and palatable, and that minimum losses in their 
vitamin and mineral content occnr.”t 
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The importance of proper nntrition is being 
the \iiny^as never before. In spite of all the d^culne^ m- 
vokeTMarv- 1. Barber. Food Consuimt to the Secret^ of 
^•\-ar k^-s, ‘‘The American soldier will be well ted better 
fed, 'in fact, than at least 60 per cent of the people m the 
United States and better than any other fighting men m th 
world."® Out of headquarters in Washington each month go 
properlv balanced menus to guide the army cooks. 


(c) Education 

One riling which every industr}', large or smaU,^ can do is 
to canv on some sort of a stYtematic plan of nutrition educa- 
tion. With all the valuable printed material available from 
various reliable sources, there is no excuse for at least not 
exposins emplovees to some form or part of it. Before the 
war is over, we shall all become more food conscious. Indus- 
tries have an excellent opportunity' to spread the gospel of 
right nutrition. 

There are two way's of approaching the problem of teach- 
ing workers the fundamentks of good nutrition: first, by 
printed illustiative material for mass education, and second, 
by individual and group instruction. 


(1) liivsxKvnvx yUxERLU. FCK ^Uss Edvchtiox 
Fsrr.pi’ins or, Xutridem are varied in scope and can be tatea into die 
home. These can be obnined from various sources— Consumer's Guide, 
Burten of Home Economics, Metropoihaa Life Insurance Companv. and 
commercial otvanircrions like die Kadonal live Stock and Meat Board. 
Dairy Council, and odicr siinilar ones. 

Boards should be placed in strategic locations; rest rooms, hall- 
traj-s, elcvaiois, and, of course, die cafeterias or dining rooms. 

Emarar are one ot the oldest methods of presenting nutridon material, 
can be in die form of posters, miniarares, food models, actual food 
displat-s. Kodachrome transparencies or movies. 

riT. Employes^ ifa-arij:’ or paper that is issued periodicallv reaches 
the greatest number of people and is carried into the home whue \rives. 
mothers, children, and friend can read its messace. 

Doctom, sdendsts, diedtians and nntridon vrorkers mtst do all ia dieir 
pover to combat the nutrition fallacies that abound over the ether waves, 
n ptr.Ddicals and m papers. The government is making everv effort to 
^ moimanon and smrt people on a somd nuiririon pio- 

Strong, healthv inomduals, ^ 

D:.i Iir,r can be given' out by die oampany doctors, nurses, or diedrian. 
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their working schedules. Her food budget should be flexible 
enough to allow for a rise in food costs and the necessary 
price adjustments. 

With a trained person heading the industrial cafeteria, food 
will be more xvisely purchased and the charge to the employee 
less. Standardized recipes will be used in food preparation and 
menus planned that be nourishing and adequate and at 
the lowest possible cost. Offering the employees a coviplete 
plate lunch is the best method of selling good nutrition. This 
should include a meat or alternative, potato and vegetable, 
beverage, bread, butter, and dessert. Cafeterias that ofl^er a 
hot plate lunch of this type at 25 or 30 cents usually do an 
excellent business. The company may lose a few dollars, but 
they are repaid in employee satisfaction and better nutrition. 

(b) Provision of Proper Menus 

Industry should be “concerned primarily with the food- 
stuffs served on the premises of the industrial plant, including 
not only mid-day lunches but all food and lirink obtainable 
by the employees on the premises, through the active or 
passive cooperation of the plant management. Industry can 
also render a valuable service by calling upon local health 
authorities actively to supervise those restaurants and lunch 
stands which habitually crop up in the environs of expanding 
industrial concerns.”^ 

“Measures designed to improve the plant commissary should include 
the elimination, in so far as feasible, of vitamin-free and vitamin-poor foods 
like candy, sugar, highly-milled non-‘enriched’ cereal products, soft drinks, 
and alcohol. Lunches and supplementary feedings should be designed to 
furnish the employee with the greatest possible proportion of fus daily 
nutritional requirements. 

“In estimating cafeteria menus it is well to bear in mind that to meet 
the recommended daily allowances of the Food and Nutrition Board of 
the National Research Council requires the daily consumption of at least 
one pint of milk; two servings of potatoes; two sen'ings of fruit, one of 
which should be a citrus variety or tomato; two vegetables, one of which 
should be leafy, green or yellow; one egg; one seiving of meat, fish or 
poultry; a cereal dish (whole grain); whole grain, or ‘enriched’ bread at 
every meal; and butter or fortified oleomargarine, the remaining calories 
to be supplied by a choice of vitamin-rich foods. 

“It is extremely important also that foods be prepared in such a manner 
that they are attractive and paJatable, and that minimum losses in their 
vitamin and mineral content occur.’’^ 
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4 The major causes of nutritional inadequacy m coun- 
are listed by the Committee on Nutrinon m Industry of 
the National Research Council as foUows; (a) poor food 
habits; {b) poor commissary; (c) economic factors; (a) 

metabolic stress. ’ i i • 

5. A scientifically planned program is the only solution to 
this problem and should include: (<?) Trained personnel; 
(b) Provision of proper and adequate menus; (c) Well-in- 
tegrated efforts at mass education. Real strides can be made 
toward better nutrition, better morale, and better pro- 
duction by a better program. As Dr. Wctor Heiser saj's, 
“Today we know enough about the importance of nutrition 
to be ile to say that the number of planes, guns, tanks that 
come out of the nation’s plants is determined largely by what 
the nation’s workers put into their stomachs.” ‘ 
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A week’s set of suggested menus with normal, reduction, and underweight 
diets proved helpful. Diet lists should be simple because too many are 
so detailed in information that anyone attempting to plan a day’s mcna 
gets confused and does not know quite how to juggle the array of foods 
to form a balanced diet. 

Movies are effective especially when they are in color. Fruit and vege- 
tables in black and white are not as appetizing as when seen in their 
natural colors. In the last two years, some excellent educational films have 
been produced and are available for use at very little or no cost. 

(2) iNDIVIDtJAI. ANT) GrOUP INSTRUCTION’ 

The second method of presenting nutrition advice is through individual 
and group instruction, and necessitates having a trained nutridom'st. Illus- 
trative material can be secured and presented, as has already been men- 
tioned, from a number of excellent sources. Personal instruction, either 
individual or group, requires a specialist. Unquestionably, individual in- 
struction is the ideal way to achieve the best results. So many problems- 
mental, physical, and economic— enter into the picture and cannot be taken 
into consideration except through personal interviews. Undenveight and 
overweight employees can be referred to the nutrition adviser by the doc- 
tors and nurses. Many will come to the medical department of their own 
volition. Individuals trying to gain or lose weight need encouragement and 
guidance. The best results seem to be obtained from regular and frequent 
interviews. If there is no nutritionist on the staff, it is quite possible for 
nurses in industry to make a specialty of this subject and act as counselors 
in giving individuals advice as to proper diet. 

A prevailing- misconception among the uninformed which 
should be overcome is that workers are not interested and 
will not heed advice. This depends largely on the approach 
used. To the contrary, men and women have seemed glad to 
consult with the nutrition adviser. So successful has this 
practice been that I feel it is one of the best methods of put- 
ting across an educational program. 

SUMMARY 

An effort has been made to emphasize the following points: 

1. Industrial workers are not as well fed as they can be. 

There are dietary deficiencies. Some significant surveys have 
been made, others are being made, which bear out this state- 
ment. _ . 

2. Vitamin deficiencies do exist and vitamin supplements 

are valuable. _ . . , 

3. Between-meal feedings have a place in an industria 

program. 
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^ The major causes of nutritional inadequacy in coun- 
m-"are listed by the Committee on Nutrition in Industry of 
the National R^earch Council as foUows: (a) poor fo^ 
habits; (1?) poor commissary; (c) economic factors; (fl) 

metabolic stress. ' _ 

5 . A scientifically planned program is the only solution to 
this problem and should include: ((t) Trained personnel; 
(Z^) Provision of proper and adequate menus; (c) '^'^''ell-in- 
tegrated efforts at mass education. Real strides can be made 
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A WARTIME SURVEY OF INDUSTRIAL PSYCHIATRY 
UVD1A G. G\BERSON, M.D * 

The emergencies of® our '«-artime industrial production 
so clearly recognized that it is no longer necessax}’’ for a psychi 
atrist to underscore the obvious national dangers which niay 
result from the lack of proper safeguards and controls for 
maladjusted emotions. Nor does he now have the time to 
show proof of greater efficiency and larger profits which 
would result through a more intensive psychiatric conser\'’a- 
tion of manpower. The dangers are immediate. Hysteria, 
excessive fadgue, emorionally maladjusted personalities, the 
employment of marginal labor groups, the crudities of green 
authority, racial antagonisms, sabotage, propaganda, inade- 
quate protection, uprooted social patterns, subnormal hous- 
ing, and physical fear of bombardment— these are problems 
and dangers fully admitted and the tools and technics for 
meeting them must be coordinated and more generally under- 
stood. With the plea that national emergencies do not wait 
upon niceties of medical courtesy, the attempt is made here 
to state flatly some of the defects of our psychiatric tools, 
some avenues of action, and the general limits of the emo- 
tional problems in industry. 

PECULIARITIES IN THE DEVELOPMENT OF 
PSYCHIATRY 

The relatively recent and rapid development of psychiatr)" 
^ a separate medical field has deposited certain peculiarities 
m present-day practice. One would suppose that the ideal 
development of any medical specialty ought to stem out of 
careful laboratoty exploration, extend through years of grad- 
uated application tested by adequate control groups, and 
emerge, fin ally, with a therapy modulated, analyzed, and 

* ^ietropoUcanTifrtonrancrCompI^^l^^TYork'atyj ^ 
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enthuiastic excesses over minor advancements, *= 
cure conclusions unhitched to estabhshed technic, _ , 

inas of career men, and the factional quarrels of rlA 
isG. And, to complicate matters, there \Yere, as usual, the 
newspaper misrepresentations which make scientific progress 
so uncommonly difficult in this nation. All this was under- 
standable enough, but what is not too often appreciated 
today is that these stages of growth deposited pecuh^a^ 
which, through long familiarit)', have almost attained the 
sanction of fundamental premises. Let us consider just a few 


of these. 

Custodial Function of Early fsychiatry.-Vrwt to the en- 
trj' of the United States into the first l^'orld ^^'a^, psA’^chiati^' 
was almost entirely custodial in function. Segregation at pri- 
vate and public expense was the accepted answer to most 
cases of mental ill-health. Now the medical men tvho took 


care of the inmates of those institutions had entered upon a 
peculiarly cramped professional area. Despite their ambitions 
and their efforts, the possibilities of experimentation were 
tied down to the known insane in publicly shunned institu- 
tions where the pressure of an adverse social attitude and the 
severance from environmental factors put almost insuperable 
difficulties in the way of effecting a cure. The earlier theorists 
could only deduce backtvards. The early work of Dr. Adolf 
Meyer and his group did much to prevent an apathetic ac- 
ceptance of this restriction. The concept of “psA'chobiologA*” 
jolted the practitioners out of their institutional fastnesses and 


induced them to examine the patient and not the disease. Yet, 
even so, their cases had most often reached a final stage be- 
fore thej even saw them, and the evidence of previous en- 
vironmental pre^ures was tenuous and stereon-ped. It was a 
tantalizing situation, and one which led at times to general- 
muons not adequately backed by complete case histories. . 
bor a time the avenues of speculation seemed blocked, and 
an undue emphasis was placed upon the curious, the ahnor- 

v vider field for mvesrigatioa 

P P } the entr)- of the United States into the 
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with all aberrations tabulated wdthin precise tolerable limits. 
Neither psychiatry itself in general, nor the specialt)* of in- 
dustrial psychiatry in particular have had the good fortune 
to grow through such an orderly development. The accidents 
of history, the human reaction, lay and medical, to the som- 
bre nature of the material involved, and the perhaps not-so- 
cunous susceptibility of the investigators themselves to mild 
attacks of occupational disease, have,,an brought about an 
uneven and spotty development, a lack of focus M'hich his 
mihtated against the mass apph’cation of ps>''chiatry in ordi- 
nary preventive medicine. 

A glance at that growth may make my point clearer. Ps}’- 
chiatiy in general may operate on four levels. These in their 
historical sequence are; 

1. Custodial— st 2 ie institutions, specialized militar)’ hospitals, and pritste 

sanatoria. 

2. Therapeutic— derivation and apph'cation of therapies and technics 

aimed at cure and alleviation of mental and emotional illness. 

3. Preventive— mass application of mental hygiene; protections of the 

“normal” from undue stress; control of borderline susceptible 
pre-clinical diagnosis; control of social and industrial factors to 
forestall mental and nervous breakdowns; setting up of te^ for 
differentiation of mental and emotional n-pes; co-ordination of 
all facilities to insure mental and emotional health. 

4. Directional— the shaping of environmental factors to produce de- 

sired mental and emotional tjye or general level; used offeMvel) 
in the control of subjugated peoples and in the producnon or 
propaganda for enemy consumption; used defensively for the es- 
tablishment of morale and efficiency. 


These four levels are still marred by the crudities of nev - 
ness. Custodial psychiatry, the oldest, has shown the most 
solid advances, but on die therapeutic level rival theorists 
and specialists still have their acrid differences. In its preven- 
tive phase psjrchiatT}'^ still awaits a mass application to indus- 
tr)'^ and education on a scale comparable in any way to that 
in the military services. On the directional level the limits and 
possibilities are so nebulous that so far the action has been 
frankly and largely imitative and based on deductions from 
Axis procedures. 

In its earlier days, psychiatry exhibited, quite namraliy, the 
mistakes of any beginning movement. There were the usua 
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imate technic xcere sazed npon by the unsOTpulpus and a 
new snihbilin- tvas exploited. Katurally, public opmipn soon 
reveiied its field. La>-nien became vocal m their cnucism^ 
die psN-chiatrist per re was lampooned unraercnuh}, and 
criddmis were leveled indiscriminatel}* at guiln' and innocent 
alike- Lay objections have, as medical men know, a most 
irritadnsiv quas-perdnency that requires a full statement o 
basic ai^ to refure-and lay criricism, needless to say, waits 
not for answer. All this rented in a still ed popular 

suspicion, a vast amount of dated and empn* wordage, and 
a soil habitual glibness ot explanation and diagnosis. 

This earlier journalistic phase soon setded to the respect- 
able but seriously restricted area of the psi'cluatrists ofice. 
There the padeats came tor profesional treatment, but the 
length, the cost, and the inconvenience of the treatments lim- 
ited economically the class of person who could benefit. 
Ps\*chiatr\'. in fact, became something of an upperclass fad, 
and the n-pe of cases treated led (and sdU leads) to an over- 
emphasis upon the mental ills of a numerically minor soda! 
group; the megrims of surfeit and glandular boredom are not 
exactly n-pical of industrial America. But the leisurely ther- 
apies persisr. and back of no small amount of present invesri- 
garion is the questionable assumption that the average patient 
has personally the social and economic power to alter his en- 
vironmental pressures. 

Preventive Fsyckbtry.—Tht preventive phase of pS}'chiatrT,- 
probably had its tormai beginning in 1909 with the establish- 
ment or the Xarional Committee for Mental Hygiene, but the 
Committee s work until after the M orld M ar was larselv 
educarional and organizational. The first larse-scale efiort at 
prevention was through the Child Guidance Clinics, the pio- 
neers being those of Dr. MTUiam Heaiv in Chicaso as earlv 

Guidance Center In Boston. 
1.1/. i his vork was extended to the prevention of childhood 
Jlmquency. espeaaUy the Commonwealth Fund Five Year 
egun in 1922. The efiorts of the movement have 
W offenders, perhaps 

rf PteWh “ “Baarior dWc- 

Of Pittsburgh, a permanent board of experts set up to look 
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^'^'orld M'hen an attempt was made to apply ps}'chiair\' 
on a mass basis to the armed forces. Here, for the first time 
in this countrj^ the scientific explorer could see the inception, 
the progress, and the closing phases of a mental ailment, and 
for the first time he had the authority and the numerical 
scope -nith wliich to control his data and reach reasonably 
accurate conclusions. The range of mental ills and mental 
ty^es were sho%vn up on an identical enYironment and tested 
by the same brutally primitive fear of death. Through the 
syunpathetic influence of Surgeon-General Ireland, divisional 
psychiatric officers uure appointed and the task of conuol- 
ling, gauging, and adjusting the indiscriminate mass of men 
was begtm. After July 1, 1918, these officers were given the 
power to reject for overseas service those whom they judged 
unstable and emotionally unfit. Thus standards of procedure 
uure set up and given a practical testing. This authority and 
opportum'ty’^ led to a close examination of mental data. Many 
of the taboos surrounding the mentally unfit were shauered, 
and, as a by-product of a social upheaval, psychiatry becavn 
more generally therapeutic and not merely aistodial. 

Post-war Psychiatry.— The powder for social advancement 
inherent in the mass method, however, was passed by almost 
unnoticed, and the lively pertinency of the Surgeon-Gen- 
eral’s Report went almost unrecognized until the late thirnK. 
For, by’’ a series of literary accidents, psyuhiatry became m 
the post-war period a most unfortunately popular subject. 
Under the popular acceptance of Freud, Adler, and Jung, 
mental ills became matters of common conversation. A gar- 
bled nomenclature hissed about the land. Dream symbolism, 
psychoses, incipient paranoia, inhibitions, phobias, and txop- 
isms were discussed learnedly to prove one’s social posinon 
and general awareness. The genuine psychiatrist is'as mobbed 
by’ conversationalists, and he never did succeed in making 
the public imderstand that an honest professional had to 
prove his facts and define his language. 

Psy’chiatry in this middle period came closer to being 
scutded by popular enthusiasm than it ever had been in the 
earlier period by lack of opportum’ty’ to experiment. Quacks 
and opportunists found rich pickings. Distortions of legit- 
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ins tY -0 major conclusions: (1) that tCFts and batteries of 

m^e different thinns in different situations, and m order 
Sie they m^ be applied pe^cally to one group 
and the results explored exhausavely by stausncal anal} sis 
for recurrent relationships, which relationships may or may 
not turn out to be those which the tests were intended to 
measure; (2) that the qualities measured by the tests w^e not 
static, and that some functional element not measured b} the 
tests impaired predictabilit}*. By reason of these conclusions 
attention has shifted in industry toicard the possibilities of 
medical analysis, especially of neuropsy chiatric procedures. 
Safet}- workers and other industrial control groups have al- 
tered their programs to include some application of ps}'chi- 
atric technics, but the progress from 1934 to 1941 has been, 
in general, a slow one of group education and technical 
exploration. 

The Industrial Workers ProWe?;/.— Industrial peculiarities 
have already left their mark on industrial psi'chiacr}’, and 
they may continue to operate as obstacles to a realistic appli- 
cation. Due to complete absorption with the physical and 
mechanical problems incident to industr>'’s mushroom grovnh, 
there has been a tendency to neglect the individual worker s 
hunger for personal significance and dignit}', to ignore the 
paradox which ever}' industrial worker faces: outside the 
factory gates he is a full}' rounded being who is expected to 
like children, vote intelhgently, understand our nation's for- 
eign polic}', and make ever}' great problem his orvn; inside 
the factor}' gates he is too often expected to employ onlv a 
fraction of himself, to become an impersonal unit, hard and 
selfless, working through his best years with another man’s 
tools on a product which will not bear his name and whose 
function he rarel} comprehends, looltintr forward to the pav 
envelope ndth which he. too, can buy\-hzt he wants in 'a 
market where ‘ labor ’ is just another commoditt'. This eco- 
nomic and engineering conception of a worker as a modified 
^ndle to a madune dies hard; only the statistical proof of 
fearer efficiency and greater savings because of a more hu- 
mane mdu^al attitude has been effective in combatino- it 
As an offshoot among the workers from that limitation of 
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thoroughly into cases of first offenders, mental defectives, 
sexual offenders, and all alcoholic and narcotic cases. Speak- 
ing of this clinic Judge Ralph Smith of the Common Pleas 
Court said: “When a judge passes sentence upon a defendant 
without havnng as complete knowledge as possible regarding 
that offender’s background, education, environment and mo- 
tivations which prompted the act against the interest of soci- 
ety, that judge is merely guessing as to the proper disposition 
of the case.”^ Such an attitude represents a great advance, bnt 
speaking of the general field of psychiatry, these efforts are 
still marked by undue emphasis upon the abnormal, the mar- 
ginal, the social incompetents. The technics are adjusted to 
that level, and back of them is the irresistible force of legal 
power, declared or merely potential. 

Industrial Preventive Psychiatry .—As early as 1916, p^- 
chiatrists became aware of the possibilities for preventive 
action and controlled data in the mass of the industrially em- 
ployed. In that year the Cheney Silk Company conducted a 
research on the costs of emotional maladjustments among its 
employees. In 1917-1920 Dr. E. E. Southard secured the 
backing of the Engineering Foundation for a psychiatric ex- 
amination of persoimel problems, and in one survey found 
that 62 per cent of more than 4000 cases observed reached 
the discharge status through traits of social incompetence 
rather than occupational incompetence. In the early twenties 
Dr. C. Al. Campbell and Dr. H. B. Elkind did pioneer work 
in the Boston area, and in 1922 the Metropolitan Life Insur- 
ance Company started its psychiatric service for employees 
which continues today. From 1924 to 1929 Macy’s Depart- 
ment Store in New York City, employing about nine thou- 
sand persons through this period, carried through invesnga- 
tions of maladjustments to sales and clerical employment. 

After 1924 there were only sporadic attempts at industrial 
application, and these, for the most part, w^ere inadequately 
conceived and executed. The ne.xt major impetus came from 
industrial personnel groups in 1932 when they began to apply 
psychological concepts more rigorously to their perennial 
problems of labor turnover and labor placement. Out of their 
experience with tests and personalitj’’ ratings there are emerg- 
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ins txvo major conclusions: (1) that tests and batteries of t^s 
measure different things in different simauom, and m ord 
to be of value they must be applied specificaUy to otie group 
and the results explored exhausnvely by ^aasncal anal) sis 
for recurrent relationships, which relationships may or may 
not turn out to be those which the tests were mtended to 
measure; (2) that the quaUries measured by the tests -U'ere not 
static, and that some functional element not measured by the 
tests impaired predictabilit)*. By reason of these conclusions 
attention has shifted in industry to'ieard the possibilities of 
medical analysis, especially of neuropsychiatric procedures. 
Safet)- workers and other industrial control groups have al- 
tered dieir programs to include some application of psychi- 
atric technics, but the progress from 1934 to 1941 has been, 
in general, a slow one of group education and techmcal 
exploration. 

The Industrial Workers ProWe?;/.— Industrial peculiarities 
have already left their mark on industrial ps)'chiatry, and 
they may continue to operate as obstacles to a realistic appli- 
cation. Due to complete absorption ivith the physical and 
mechanical problems incident to industr)'’s mushroom grouth, 
there has been a tendency to neglect the individual worker’s 
hunger for personal significance and dignit)*, to ignore the 
paradox which ever)' industrial worker faces: outside the 
factor)' gates he is a fully roimded being who is expected to 
like chil^en, vote intelligently, understand our nation’s for- 
eign polic)', and make ever)* great problem his own; inside 
the factor)' gates he is too often expected to emplo)'- onl)’’ a 
fraction of hmself, to become an impersonal unit, hard and 
selfless, working through his best years -ndth another man’s 
tools on a product which tviU not bear his name and whose 
funcnon he rarely comprehends, looking forward to the pay 
envelope uith which he, too, can buy what he wants in a 
market where “labor” is just another commodity. This eco- 
notmc and engineering conception of a worker as a modified 

greater efficiency and greater savings because of a more hu- 
mane indujml amrade has been effective in combating it. 

As an offshoot among the workers from that limitarion of 
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the indmdual is the attempt to fill in the emotional blackout 
\^dth pseudo-genuine nonspontaneous emotional drives and 
enthusiasms, concepts of “morale,” “efficiency,” “loyalu",’' 
“get-together,” and “recreation” which operate almost invar- 
iably in only one direction, that of the company’s interests. 
A fair-minded observer must admit that such actiriries are 
inaugurated vith tire best of intentions, and that their awk- 
wardness is the result of a transitional period in the trend 
toward a more fundamental social understanding and control. 
Management walks a tightrope between the etdls of neglect 
on one hand and the dangers of paternalism on the other. In 
these difficulties the industrial physician has not always been 
helpful; content vdth a strictly and comfortably somaric in- 
terpretation of his responsibilities, he has permitted to fall into 
disuse the adwsory function which is peculiarly characterisdc 
of his positipn in industry. 

So, in summary, psychiatry and especially industrial ps)'- 
chiatry, exhibit the irregularities natural to a rapid growth. 
These irregularities must be taken into account in any plan 
to apply a program to industry, and the war emergency has 
made such an application imperative. 

THE NEW SOCIO-MEDICAL SYNTHESIS 

Our national productive sj’stem has been dislocated by a 
gigantic war effort whose further potentialities can only be 
guessed at. The horizons beyond our emergency are pregnant 
with fundamental cultural changes. Victor^’’ most likely will 
bring a rapid and unprecedented world expansion of com- 
merce and industry in which American organizations vnU 
enact the leading roles. At present, though, caught as we are 
in the confusing currents of national change, most of us are 
conscious merely of new patterns emer^ng from the old and 
of old standards sinking out of sight into the new. iVe do 
know one thing certainly: at the end of these troublesome 
times American industr}’- will be a vastly changed organism. 
In all probability it vnll be a better organism, for into these 
years is being packed a great deal of grovdng. Movements 
and reforms which would ordinarily come about slowly, if at 
all, are rushing up apace. 
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The motive power for these social changes comes from nvo 
sources which have curiously implemented each other; farst, 
the shock and upheaval caused by the depression yearn; sec- 
ond, the galvanic mpetus of a national change to a d«ense 
and then to a wartime economy. The first gave rise to a broad 
interest in social casualties; it worked from the general to the 
particular, from the periphery to the center of its problems, 
and, prior to the war enm% was slowly groMung toward a 
s3-nthesis of all approaches-Ae political, the legal, the socio- 
logical, the ps)^chological, the educational, and the medic^. 
The second source, the change to war economy, let loose ir- 
retistible energy at the center, the heart, of industrial prob- 
lems— the mills and factories themselves. The emphasis here 
is upon the immediate, the concrete, the particular, upon the 
complete utilization of industrial resources, with all action 
subject to a central plan and a central emergency. From both 
sQusces have ceme the same aims-, the consetvatitm of man- 
power, the rehabilitation of marginal labor, dynamic activa- 
tion of the apprentice system, the testing and use of individ- 
ual capacities, and a direct concern ndth mental and emotional 
health of industrial workers and their families. Thus, the abm 
of a social Tefowi movement have become basic rules of na- 
tional self-preservation, 

Presenl-Day Facilities for Studying the Workers' Problems 

So the searchlights of many different methods and forms 
of analysis have been turned upon the industrial worker and 
his problems. Here are some of the methods and agencies 
vnthin industry^ itself. 

1. Personnel Man 2 getnent worldng through; 

1. Training programs. 

2. Morale maintenance. 

3. Safety engineering. 

4. Time and motion studies. 

5. Job analj-ses, 

6. Skill ratings. 

Promotional standards. 

8. Aradent compensation, sickness benefits, group insurance and 

pensions. « * w 

9. Nutrition control, canteens, and commissary. 
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the individual is the attempt to fill in the emotional blacbat 
vdth pseudo-genuine nonspontaneous emotional drives and 
enthusiasms, concepts of “morale,” “efficiency,” “loyalty,’' 
“get-together,” and “recreation” which operate almost mvar- 
iably in only one direction, that of the company’s interests. 
A fair-minded observer must admit that such activities are 
inaugurated with the best of intentions, and that their awk- 
wardness is the result of a transitional period in the trend 
toward a more fundamental social understanding and control. 
Management walks a tightrope between the evils of neglea 
on one hand and the dangers of paternalism on the other. In 
these difficulties the industrial physician has not always been 
helpful; content with a strictly and comfortably somatic in- 
terpretation of his responsibilities, he has permitted to fall into 
disuse the advisory function which is peculiarly characterisnc 
of his position in industry. 

So, in summary, psj'^chiatiy and especially industrial ps)'- 
chiatry, exhibit the irregularities natural to a rapid growth. 
These irregularities must be taken into account in any pbn 
to apply a program to industry, and the war emergency has 
made such an application imperative. 

THE NEW SOCIO-MEDICAL SYNTHESIS 

Our national productive system has been dislocated by a 
gigantic war effort whose further potentialities can only be 
guessed at. The horizons beyond our emergency are pregnant 
with fundamental cultural changes. Victory most likely svill 
bring a rapid and unprecedented world expansion of corn- 
merce and industry in vvffiich American organizations Mil 
enact the leading roles. At present, though, caught as we are 
in the confusing ctirrents of national change, most of us are 
conscious merely of new patterns emerging from the old and 
of old standards sinking out of sight into the new. \Ve do 
know one thing certainly: at the end of these troublesome 
times American industry will be a vastly changed organism. 
In all probability it will be a better organism, for into these 
years is being packed a great deal of growing. Mov'ements 
and reforms which would ordinarily come about slowly, if at 
all, are rushing up apace. 
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The motive power for these social changes comes from nvo 
sources which have curiously implemented each other; first, 
the shock and upheaval caused by the depression yearn; sec- 
ond, the galvanic mpetus of a national change to a defense 
and then to a wartime economy. The first gave rise to a broad 
interest in social casualties; it worked from the general to the 
particular, from the periphery to the center of its problems, 
and, prior to the war entrj’’, was slowly growing toward a 
sjTithesis of all approaches— the political, the legal, the socio- 
logical, the ps)'chological, the educational, and the medical. 
The second source, the change to war economy, let loose ir- 
resistible energj’’ at the center, the heart, of industrial prob- 
lems— the mills and factories themselves. The emphasis here 
is upon the immediate, the concrete, the particular, upon the 
complete utilization of industrial resources, with all action 
subject to a central plan and a central emergency. From both 
sources have come the same aims: the conservation of man- 
power, the rehabilitation of marginal labor, dynamic activa- 
tion of the apprentice sj^stem, the testing and use of individ- 
ual capacities, and a direct concern unth mental and emotional 
health of industrial n'orkers and their families. Thus, the aivis 
of a social reform movement have become basic ntles of na- 
tional self-preservation. 

Present-Day Facilities for Studying tlie Workers’ Problems 

So the searchlights of many different methods and forms 
of analysis have been turned upon the industrial worker and 
his problems. Here are some of the methods and agencies 
mthin mdustiy itself. 

I. Personnel Management vorking through: 

1. Training programs, 

2. Morale maintenance. 

3. Safet}’ engineering. 

4. Time and motion studies. 

5. Job analj-ses. 

6. Skill ratings. 

7. Promotional standards. 

""tetw 

9, ^Cucridoa control, canteens, and commissaty. 
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the individual is the attempt to fill in the emotional blackout 
■vdth pseudo-genuine nonspontaneous emotional drives and 
enthusiasms, concepts of “morale,” “efficiency,” “loyalt}’,’' 
“get-together,” and “recreation” which operate almost invar- 
iably in only one direction, that of the company’s interests. 
A fair-minded observer must admit that such activiries are 
inaugurated Ynth the best of intentions, and that their awk- 
wardness is the result of a transitional period in the trend 
toward a more fundamental social understanding and control 
Management walks a tightrope between the evils of neglect 
on one hand and the dangers of paternalism on the other. In 
these difficulties the industrial physician has not always been 
helpful; content with a strictly and comfortably somatic in- 
terpretation of his responsibilities, he has permitted to fall into 
disuse the advisory function which is peculiarly characteristic 
of his position in industry. 

So, in summary, psychiatry and especially industrial pss*- 
chiatr}’", exhibit the irregulariries natural to a rapid growth. 
These irregularities must be taken into account in any pbn 
to apply a program to industry, and the war emergency has 
made such an application imperative. 

THE NEW SOClO-MEDlCAL SYNTHESIS 

Our national productive system has been dislocated by a 
gigantic war effort whose further potentialities can only be 
guessed at. The horizons beyond our emergency are pregnant 
with fundamental cultural changes. Victory most likely will 
bring a rapid and unprecedented world expansion of com- 
merce and industry in which American organizations will 
enact the leading roles. At present, though, caught as w^e are 
in the confusing currents of national change, most of us are 
conscious merely’^ of new patterns emerging from the old and 
of old standards sinking out of sight into the new. We do 
know one thing certainly: at the end of these troublesome 
rimes American industry’- will be a vastly’- changed organism. 
In all probability’- it w-ill be a better organism, for into these 
years is being packed a great deal of growing. Movements 
and reforms which -would ordinarily come about slowly, if ar 
all, are rushing up apace. 
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Hie motire power for rfiese social changes comes wo 
' sources which have curiously implemented each other; hrst, 
the shock and upheaval caused by the depression yeaK; sec- 
ond. the galvanic impetus of a national change to a detense 
and then to a wartime economy. The first gave rise to a broad 

- interest in social casualties; it worked from the general to the 
particular, from the periphery to the center of its problems. 

- and, prior to the war entr}*, was slowly growing toward a 

- syntheas of approaches— riie political, the legal, the socio- 
^ logicaL the psvchologicaL the educationaL and the medical. 

The second souire, the change to war economy, let loose ir- 
' reastible energy at the center, the heart, of industrial prob- 

: lems—the milk and factories themselves. The emphasis here 

" is upon the immediate, the concrete, the particular, upon the 
r complete utilization of industrial resources, with all action 
subject to a central plan and a central emergency. From both 
sources have come the same aims; the conservation of man- 
power, the rehabilitation of marginal labor, djmainic activa- 
tion of the apprentice sN'stem, the testing and use of individ- 
oal capacities, and a direct concern with mental and emotional 
^ health ot industrial workers and their families. Thus, the swis 
of j sorb] reform v:ovement kre-e become bjsic rules of n.i- 
rionr/ self-presen-stior.. 

\ 

Preseni-Day Fadlrh’es for Shidying fhe Woriers' Problems 

So tire searchlights of many different methods and forms 
. of analyss have been turned upon the industrial worker and 
his problems. Here are some of the methods and agencies 
within indusuA- itself. 

1. Paisoezsl g grsst "worldas nirougti: 

t' -■ -Mords 

'' 5. Saety eeskeenns. 

^ 4. Hme snd — oiioei stediss. 

, S. Job analvsas. 

6. Ska Kdzgs. 

>■ '. Prcmodocd ssodsrcs. 

^ S. scjmass bscEac, gioap insarzncs and 

" ^'vrnaoa ccmabL, cacaeos, and commissarv. 
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the individual is the attempt to fill in the emotional blad'om 
mth pseudo-genuine nonspontaneous emotional drives and 
enthusiasms, concepts of “morale,” “efficiency,” “loyalt}',' 

^ get-together,” and “recreation” which operate almost invar- 
iably in only one direction, that of the company’s inrereris. 
A fair-minded observer must admit that such actitities are 
inaugurated with the best of intentions, and that their awk- 
wardness is the result of a transitional period in the trend 
toward a more fundamental social understanding and control. 
Management walks a tightrope between the evils of negkct 
on one hand and the dangers of paternalism on the other. In 
these difficulties the industrial physician has not always been 
helpful: content writh a strictly and comfortably somatic in- 
terpretation of his responsibilities, he has permitted to fall into 
disuse the adtrisory function which is peculiarly characterisnc 
of his position in industry. 

So, in summary, psychiatry and especially industnal ps)'- 
chiatr}’", exhibit the irregularities natural to a rapid growth. 
These irregularities must be taken into account in any plan 
to apply a program to industry, and the w'ar emergency has 
made such an application imperative, 

THE NEW SOCIO-MEDICAL SYNTHESIS 

Our national productive sj’^stem has been dislocated by a 
gigantic war effort whose further potentialities can only be 
guessed at. The horizons beyond our emergency'^ are pregnant 
with fundamental cultural changes. Victory'’ most likely tviH 
bring a rapid and unprecedented world expansion of com- 
merce and industry' in which American organizations will 
enact the leading roles. At present, though, caught as we are 
in the confusing currents of national change, most of us are 
conscious merely’’ of new patterns emerging from the old and 
of old standards sinldng out of sight into the new. We do 
know one thing certainly’’.- at the end of these troublesome 
times American industry’’ will be a vastly^ changed organism. 
In all probability it vrill be a better organism, for into these 
years is being packed a great deal of growing. Movements 
and reforms W’hich would ordinarily’’ come about slowly, if at 
all, are rushing up apace. 
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7 Focolo^'cd lesecich oa r:dcl minonnss snd die n^roiy -srorL'er. 
c snd ^te acavines and srudies oa GvilLin C^nse^- 

dM coim eaialoraent a^eaces, Xstional You* A&nii^'tniaoiJ, 

Adnamsaadoa iSS 

Ta:£inp!o)Tiik rtlief, and die research and record, of die Pnhhc 

HeslA &rvice. , , , 

9. Smdies in celinqcency. chi!d-gaidaace. and aanic eoc^aon. 

10. Soakl service ccse-srork and reporting, indudiag pst-duatnc semc^ 

11. Honsns reports and setdsaienr projects, pnvcte and governmental, 

n. Medicd and legal aid clinics._ , u . 

13. Medical stndis in mass nutrition, morale, vromea and older trOi..ers 
in indnsrrv, sronp medicine, and preventiye measnres. _ 

1-, MiEtarv measures and analyses of medical fadlides, honsng, laior 
placement, indnstiial prodccdvity, and rrorale prorecrion. 

The findings pouring in over these avenues of inquiry* have 
emphasized one basic doctrine: the indivisibilit)" of the 
vrorker as a sodal and industrial unit. 

Impedance of Worker's Personality 
It wonld seem that the personality* of any one industrial 
worker is a unit. and. within the limits of good mental health, 
nondivisible. It is the sum total of all his traits, interests, qual- 
ities. talents, and trrining and. pressures from all areas of 
activity demand action from the whole personality, ^^^len 
the personality* reacts, it reacts as a unit, whether ie stimn- 
lus comes from within or from without the industrial setrins. 
The logical compartments of “worker."’ “father.” “cirizenT"’ 
“debtor.” “machinist,"’ “home-owner,"’ “accident victim"’— 
these are handy* abstractions only; they* do not describe the 
liv^ personality*. .Moreover, the worker’s personality* as a 
umt is constantly* in fins, varying in eSecuveness and control 
with age and development crises; as a unit it is susceptible to 
presnre from the whole sodal area-home, famfly, commu- 
ni^-. nation, race, religion, consdence. industrial group and 
whatever. The industrial fraction of the workers life cannot 
eyplamjnm. ^d it does not necessarily* isolate him at anv 
from other pans of himself. The personalin* of the 

bur twt ahstraPtion, 

A achieved without danger only when 

nonj erf? W 'i fr« of 0^1^ 

oona conbict. AVhei 
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n. Industrial psychology, tests and standards for: 

1. iAIental defective and intelligence levels. 

2. Mechanical aptitudes and abilities. 

3. Personality^ surveys. 

nr. Industrial medicine through: 

1. Care and prevention in injuries and sudden illness. 

2. Examination for physical fitness for industrial wort. 

3. Job anal}’sis for physical fitness factors. 

4. Industrial hygiene and the control of occupational diseases aal 

hazards. 

a- ^^hidng and first-aid nursing services. 

6. Psychiatric services: 

(la) Detection and elimination of ptychotics. 

(fi) Preventive intervietrs and examinations of emoaosd 
maladjustments. 

(c) Standardization of industrial fimess for the functionally 

and degeneratively diseased. 

(d) Analj'sis of accidents, avoidable 

clashes, monotony', fatigue, 
morale lapses. 

(e) Promotional standards and personah'ty typing. 

(f) Standards for women workers. 

(g) Preventive action at age and development crises. 

(h) Industrial rehabilitation of the injured and convalescent 

United States Pnbh'c Health Service, Industrial Hygiene Division 
through: 

1. Research in occupational hazards and their control. 

2. Regulations, standards, and precautions for industrial disease. 

V. United States Government subsidized “trainee” programs for ivar 
workers by: 

1. “In-plant” apprentice programs and refresher courses. 

2. "Out-plant” use of local educational facih’ries and personnel. 

Tn addition to these avenues wathin industry the whole bat- 
tery of the social sciences has of recent years been uncovennf 
veryt important data on the peculiar problems of the urban 
industrial areas through: 

1. Qty, town, state, and regional social surveys. 

2. Town, city, and state planning commissions. _ _ 

3. Industrial survevs: technological displacement, labor mobih’ty, an 

labor availabiiity. ... j ^ ' 

4. Economic studies in wage and hour analysis, living standards, in 

dustrial function and development, and in the migration an 

placement of indostty. . i, -nr 

5. Sodo-anthropological surveys in class alignments and class be an 

patterns. 

6. Developments in social and structura] psychology- 


absenteeism, peisonility 
labor turnover, and 
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7. Sodolosical research on racial mnondes the 
S Govenunent, and state activines and studies on QvtIim Cons ^ 

' don corps, emplo)Tnent aeendes, Nadonal You* Adnunistrauon, 
AVorks%roje« Administradon researches and jricers smdi«, 
nnemplojment relief, and *e research and records of *e Pubhc 

Heal* Service. , , i j 

9. Studies in delinquency, child-guidance, and adult eduranop. 

10. Social service case work and reporting, indudmg psvxhiacnc semce. 

11. Honnng reports and settlement projects, private and governmental. 

12. Medical and leffal aid dinics. 

13. Medical studies'"* mass nutridon, morale, women and older workers 

in industrv, group medidne, and prevendve measures. 

14. Military meiuxes and analvses of medical facilities, housing, labor 

pkcbnent, industrial productivity, and morale protection. 

The findings pouring in over these avenues of inquiry' have 
emphasized one basic doctrine: the indivisibilit}* of the 
worker as a social and industrial nmt. 

Imporlance oi Worker's Personalily 
It would seem that the persooalit)' of any one industrial 
worker is a unit, and, nithin the limits of good mental health, 
nondivisible. It is the sum total of all his traits, interests, qual- 
ities, talents, and training and pressures from aU areas of 
activit}' demand action from the whole personality. ‘k^Tien 
the personality reacts, it reacts as a unit, whether the stimu- 
lus comes from -within or from -n-ithout the industrial setting. 
The logical compartments of “worker,” “father,” “citizen,” 
“debtor,” “machinist,” “home-owner,” “accident victim”— 
Aese are handy absuactions only; they do nor describe the 
living personahttv Moreover, the -worker’s personality as a 
uiut is constantly in flux, varying in effectiveness and control 
mth age and development crises; as a unit it is susceptible to 
pressure from the whole social area— home, family, commu- 
mty, naoo^race, religion, conscience, industrial group, and 
whatever. The mdustnal fraction of the worker’s life cannot 
e^lam him, and it does not necessarily isolate him at any 
time from other parts of himself. The personality of the 
K,!!- various degrees of abstraction, 

the Sf ? ivithout danger only when 

the uhole personahty is healthy and relativelv free 
.onal conffia. Uta 
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of a ^^•orke^’s personality, that worker is sick and needs med- 
ical attention. 

It foUo^^^, then, that preventive social and medical action 
should be based upon a complex and inclusive analysis. Par- 
tial tecluiics, wliile they may give inditddual aid, cannot be 
certain of their findings and cannot hope to attack the funda- 
mental causes of maladjustment. Some notion of the compul- 
sions and escapes in tlae industrial world may be gained from 
die accompanjfing chart (Fig. 15S), which, it will be noted, 
is keyed primarily to the level of the skilled worker. Under 
social and industrial pressure the individual is malleable to a 
point, but there is an internal driifing power that needs ful- 
fillment and, above all, self-respecting use; dissarisfacrion and 
maladjustment vdll turn that power into escape channels 
wliich lead, most often, to socid incompetency. 


Role of Indusfrlal Physician 

The amalgamarion of the various avenues of inquiri' and 
action into a single s>*nthesis for preventive action is posable 
and practicable. The crux of the matter rests in die centraltz}' 
tion of biformation and action, the definition of terms, an 
the evolution of basic minimal tests for social and inditstn 

fitness. . , 

These objectives can be met with littie more confuaon ana 
change than is already inevitable in the co-ordination or ^ 
agencies to the central var effort. A^Tat is needed is a rau> 
ins point, a fulcrum for action, and in this reg^d iio 
asencv can have the effectiveness of the industrial physician 
akeadv at home in the area of application.^ Many mdicanons 
point to him as the means of effecting a broad program, ana 
these will be developed in a later section. It is sufficient nov 
to note that seneral medical advances have disposed ra er 
dioroufrhly of any dichotomy of somatic and mental mem- 
cine; the field of die “G.P.” has broadened and deepened m 
effectiveness. Tbe industrial physician is a general practi- 
tioner in a very important area, an area which cannot an 
.i-ill not support die specialist. The psi’chiamst se vffl 
probably have no place in indusm’; psychiam mi pr i 
tive phases does and will have such a place. 
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A \YARTIME SUR^'EY OF DfDUSTRIAL 

The Fhysician ani a Preventive Prograrfi.-At present the 
concept of social and industrial “fitness” seems Ae only 
workable standard for a scaling of employee-environment 
evaluations. Five or more years of successful adjustment to 
industrial working conditions ought to be taken as proof of 
the individual’s power to meet ordinarj" strains and tensions. 
Mental and ph^'sical defects which have not incapacitated 
the worker during that period and which do not have an im- 
mediately degen^dve future ought not to be given heav}^ 
emphasis in any analj'sis. Emotional maladjusmient after 
such a period ought to be conadered temporary' in nature, 
and the employee should be retained and routine analysis in- 
stituted for abnormal environmental pressures and conditions. 
Such procedures as these would enable a preventive progr^ 
to adhere to strictly pragimtic measures and would minimize 
the moralistic and perfectionist attitudes of mind which color 
present analyses. 

Again, in present industrial practice there is no maladjust- 
ment until the employee draws the attention of the foreman, 
the personnel office, or the industrial doctor; that is, there is 
no evidence of individual maladjustment until that malad- 
justment has reached a late stage of development. The syn- 
thesis of methods discussed here would aid tremendously in 
forestalling maladjustments before they reached the objective 
stage, for industrial danger signals often appear before the 
indiridual patient appears. Lowered efficiency, disaffection, 
spoilage, vandalism, horseplay, increased labor turnover, high 
accident ratings, continued absenteeism, excessive fatigue, 
lack of apprentices— these call for a general casting about for 
maladjusted personalities (especially in key poritions of au- 
thority) and for abnormal environmental pressures. A trulv 
preventiye program would caU for a great deal of effort in 
what mght be caUed “pre-clinical” areas, the generalized, 
p^y-formed s>*mptoms-physical, mental, emotional, ffidus- 
tnal-which are preliminar)- to those of actual illness. Thus 
the ^ea for speculation is broadened to include social eco- 
nomc, group, and mdustrial forces in dvmamic action. 

ao, too, in ffie handling of the special r^-ar types of sich 
peisonabn,, which hare begun to eSe^e b, thisC^iS 
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comuames (which comprise more than 90 per cent of the 
empfoyers of industrial labor) must depend upon pajT-tOTe 
settees. The medical personnel thus carnes a dual role; it is 
made up of privately paid, privately; employed mdimduals, 
hnt it functions as a professional enntj' parcel to_ but not 
coincidental nith other branches of corporadve aconty and 
authoring Its ends and methods are entirely medical, but the 
corporadon employing that service is not bound to act upon 
its recommendations, especially' when th^e run counter^ to 
the practical function of a budness enterprise. Such a position 
gives industrial medicine a wide freedom of incyturv', but ties 
that freedom down to a healthy practicality of action. Med- 
ical concepts should be adjusted to the realism of industrial 


producrion. 

By and large, the medically undesirables are also those of 
industry. In the specific field of psychiatry the types of dys- 
functions and maladjustments will always give the employer 
trouble. Low physical, social, and industrial competence are 
closely related, and the high tension of their adjustment to 
environment makes their grip on security even more precari- 
ous. Most American workers of average competence have 
made their adjustments to the compulsions of industrial liv- 
ing, and, if their equations are not upset too radically, they 
wSl continue to rimerion smoothly and consistently with 
only normal lapses for illness and age crises. In any large or- 
ganization, however, there wiU be at any one rime a fairly 
constant 20 to 25 per cent of the workers who for chronic 
or temporary causes are unable to bear efficiently’' the stresses 
of industrial work. These may be classified as follows in the 
sequence of their numerical incidence: 


1. True psyAotics-. nre instances and eliminated at once from dje in- 

QMStrisi scene. 

2. Subnon^ mentalities: nor nnmerons, and once adinsted to proper 

'wrork they are not troublesome. ^ ^ 

5. Pwchopthic or borderline personalities: difficult to adjust, and once 
^vmg reached poanons of authorin' hard to detect and verv 
dangerous to morale and eSdenej-. - 

4. Xenropst'ctemc conditions: alcoholics, npluHtics, epileptics, dost 

encephahtics, presetules, mid so on. ' ^ > P post- 

5. Psychonenrotics; more numerous but chiefly of ffie aimew stare. 

snsceprible ro treatment. ^ ansety states 
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in England. Their symptoms are social ones and can be de- 

teaed mosr readily by a synthesis of the various methods of 

analysis. Here are a few that have been tentatively identified*: 

1. The upset ritualist who having lost his balance wheel wears a ruSed 

temper until he can surround himself with a, settled rouiioe. 

2. The excited enthusiast who bums himself out quickly and does his 

best to persuade others to do likewise; unaware of his fatigue he 
is trapped by his irritated nerves into assuming more and more 
work and responsibility until a breaking point is reached. 

3. The emotional expansionist, usually a quiet and even prim fellow 

who becomes obscurely excited by war dangers and plunges into 
all sorts of uncharacceristic excess including drunkenness and 
wasteful spending. 

4. The noveau-bellicose who suddenly finds a voice and proceeds to 

exaggerate every topic with a bloodthirsty animosity', his govern- 
ment and the war-efiort included. 

5. The deaf-static who is deeply alarmed by the tuxbnlencty and danser 

and yet closes Ms mind to them by hugging the familiar things 
of a safe existence so feverishly that there is no juice left in them 
for Mm. 

Obviously these are behavior patterns and not mental or 
emotional types. They are no less important for all of that, 
and the detection and care of them is estraordinarily difficult 
through the present dispersed procedures. 

Thus in these and many other ways the amalgamarion of 
the several avenues of inquiry would provide new controls 
and new standards. Nor is such concentration of present 
methods merely desirable theory. At least one major indus- 
trial company is at present taking steps toward a fundamental 
renovation of its medical services in order to secure a more 
unified program of action. 

THE PSYCHIATRIC BULK IN INDUSTRY 

The general dimensions of the psychiatric problems in in- 
dustry are roughly discernible. In establishing such limits, 
however, one must keep in mind the premises under which 
medicine must work in industrial establishments. There the 
role of medicine is purely advisory and preventive, with di- 
rect treatment of patients almost invariably limited to emer- 
gency conditions. The expense of such service is carried by 
private companies, and only the e.xtremely large corporations 
can afford full-time, full-scale medical coverage. Smaller 
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to the extent of maladjustment. The number of neuroses fol- 
lowncr injim- and the number of near and unreported mmor 
accidents (probably fifty to each reported accident) have a 
direct relationship to the general^ causes of rnaladjusmient. 

These are normal figures; that is, the)- are those which one 
would expect in an industry^ operating under normal condi- 
tions and which had not yet applied any full scale psy'chiatric 
proeram. I^'ar conditions udll do much to increase that esa- 
mate, but for immediate purposes it may be assumed that 
during the next three years one man out of evety five em- 
ployed in industr)^ wo'uld profit from psychiap-ic gmdance 
and control. The preventive aspect in war conditions is more 
difficult to measure; the man who did not contract whoopmg 
cough and who did -not stay to dinner rarely attracts atten- 
tion and cannot be numbered. But, in general, if the present 
accident rates, avoidable absenteeism, and behavior incidents 
do not increase considerably, the measures taken to minimize 
them during the war effort, whether militaty or medical, can 
be called eminently successful. 

APPLICATION OF PSYCHIATRIC PRINCIPLES TO 
INDUSTRY 

The immediacy of the industrial situation precludes for 
“the duration” any possibihty of setting up a separate branch 
of personnel work to cover the social and emotional malad- 
justments of industrial Avorkers. We must use ivhat we have, 
and what we have is excellent from ever)- point of view. The 
siniation calls for an extension of the scope and the respoiisi- 
bility of die industrial medical doctor. He alone has the bal- 
lap of precise industrial knowledge and intimate acquaintance 
with the fagaries of physical and mental maladjustments on 
the practical level. He has the prestige of professional detach- 
ment, and his medical files are sacrosanct and impersonal, 
bmce his capacity is purely advisor)^ his recommendations 
are neady bdanced by management’s concern with efficiency 
and invested capital, and die theories of his medical fitness 
must ^nve the cold water shock of immediate pracricality. 

Maladjustments hit ever)-Avhere, from the lowest to the 
highest m corporate authonty. And those in high authority are 
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6. Industrially maladjusted: the largest and most important group widi 

the following snbclasaficarions: 

(а) Personalitj' clashes and habitual rule infraction. 

(б) Accident-proneness and habitual absenteeism. 

(o) Age crises of menopause and gerontology. 

(d) Development crises of endings, beginnings, lack of promo- 

rion, and the thittj’’-year social hurdle. 

(e) Rehabilitation cases of convalescent workers and especially 

of neurosis following accidental injury. 

(f) Alah’gn environmental factors of amdeiy and malnutrition. 

(g) Overstressed emotional compensations for physical defects 

and dysfunctions. 

These classifications constitute the psychiatric “bulk” in 
industry. They represent, as has been stated, some 20 to 25 
per cent of the total employed in any one corporation or in- 
dustrial unit. This percentage indicates an average-in-flux for 
a five-year interval wth allowance for labor turnover; it does 
not include nonrecurrent previously disposed cases. The es- 
timate is based upon available figures from the nventy-two 
years of the MetropoUvan Life Insurance Company’s Home 
Office Service, the six years of the Macy’s Department Store 
experiment, and analogies from military applications of mass 
psychiatry in the first 'V\''orld 'War, the Spanish Civil "War. 
and the early experience in the present conflict. Individual 
variations for beaxy and light industry^ and for specific in- 
dustries are not yet available, but, if preventive instances be 
included in the above figures, the expectancy of 20 per cent 
in these areas need not be considered too high. 

Correlaiion of Psychtafric Cases wifh Industrial Accidents 

A fertile field for additional verification of the psychiatric 
bulk may soon be had from the analysis of industrial accident 
statistics. Unification of the state standards for reporting 
them, and increasing co-operation among employers of 
smaller industrial groups are bringing in more accurate data. 
It is generally accepted that probably 80 per cent and more 
of the reported accidents are preventable, and of these per- 
haps one-half or 40 per cent are due to personal causes. U^Ten 
aUowance has been made in this figure for the dupUcanon 
by acddeat repeaters and the element due to casual careless- 
ness the residual amount should bear some functional relation 
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to the CYtent of maladjustment. The number of 
lo^^ injuTY and the number of near and unrepoHcd mmor 
accidents (probably fift>- to each reported accident) have a 
direct relationship to the general causes of maladjusnnent. 

These are normal figures; that is, they are those schich one 
would eYpect in an indusm- operating under normal condi- 
tions and which had not yet applied any full scale psN'chiamc 
program. 'War conditions will do much to increase that esn- 
mate, but for immediate purposes it may be assumed that 
duiinu the nevt three years one man out of ever\ five em- 
ployed in industry would profit from psj'chiatric gmdance 
and control. The preventive aspect in war conditions is more 
dificult to measure; the man who did not contract whoopmg 
cough and who did not stay to dinner rarely attracts atten- 
tion and cannot be numbered. But, in general, if the present 
accident rates, avoidable absenteeism, and behavior incidents 
do not increase connderably, the measures taken to minimize 
them during the war effort, whether military or medical, can 
be called eminently successful. 

APPLICATION OF PSYCHIATRIC PRINCIPLES TO 
INDUSTRY 

The immediacy of the industrial situation precludes for 
“the duration" any possibilin* of setting up a separate branch 
of persormel work to cover the social and emotional malad- 
justments of industrial workers. We must use what we have, 
and what we have is evcellent from every point of view. The 
sitmtion calls for an extension of the scope and the responsl- 
bility of the industrial medical doctor. He alone has the bal- 
la^ of precise industrial knowledge and intimate acquaintance 
v-ith the vagaries of physical and mental maladjustments on 
me practical level He has the prestiee of professional detach- 
ment, his medical files are sacrosanct and impersonal. 
Smce bs rapaan* is purely advisory, his recommendations 
are neatly balanced by managements concern with eficienm- 
and mvesred capital and the theories of his medical fitne^ 

“ immediate pracricalinv 

everjTvhere, from the lowest to the 
highest in corporate anthoriuv And those in high authority- are 
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often immune to criricism and unaware of their own defects; 
for most human reasons their subordinates do not call them 
to correction. The industrial doctor in his professional capac- 
ity is subordinate only to his owm conscience and his or\'n 
professional obligations. He can, -ndth freedom from criti- 
cism, turn light into comers too high for critical attention. 

^^Tiat is more, the industrial physician can start an effective 
program immediately , and that wtithout the need of specialized 
training other than a s>'mpathetic understanding of the new 
objectives. By conscious organization and recording of the 
many little graces which he unconsciously added to his prac- 
tical role of industrial physician, he will achieve the core of 
information and the beginning structure which a later broad- 
scaled program can enhance and complete into a new indus- 
trial dimension. I’i’ith his present equipment: 

t. He can expect and trace the emotional complications which ■wtU 
come with every injury and illness he treats or advises on. Even 
a rough record of his findings may provide valuable data for 
generalizations. 

2. He can listen. The therapeutic value of the intem'ew is considerable, 

and the connection benveen surface sjunproms of seeming ir- 
relevance such as insomnia, “stomach trouble,” vague neuralgias, 
etc, with serious nnderlpng conditions may be detected in time 
for remedial action. 

3. He can diasmose the industrial trouble spots— foremen, environment. 

fatigue, group maladjustment— by analj-zing and reviewing his 
cases at regular intervals. 

4. He can spot the accident-prone, the accident repeaters. 

5. He can recosnize the obvious maladjusted types, srrive at a rough 

classification and dispose of them by advising transfer, outside 
therapeutic treatment, or education of the employee in simple 
principles of mental and physical hygiene. 

6. He can help prevent maladjustment by exercising actively his ad- 

visory function: (a) by repeatedly bringing to the attention of 
manasement each proven instance of preventable maladjustments; 
(Ir) bv' encouraging foremen, section heads, and supervisors to 
come to him for advice and information on employee problems; 
(c) by doinsi all he can to bring the e.\-tra-industrial factors to 
bear upon any interpretation of employee difficulties. 

7. He can conserve manpower and uphold morale through fightinz to 

secure medical immunity for the emotionally ill. 

IVTien m-enty-five thousand industrial physicians start do- 
ino- these things habitually, the curtain shall have been raised 
on a vast new'medical laboratory in which the at-present dis- 
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persed technics of the medical and social sciences can be 
combined into a single powerful instrument of inquir\'. That 
the new s\Tithesis will be used in the interests of severely 
practical preventive medicine will not lessen a whit its pos- 
sible contribution to general research. The necessity' for a 
new classification of illness, the imperative need for shorter 
therapies, the opportunities for early diagnosis of the ps>’chic 
forerunners of somatic disorders, the determination of crises 
and personalin* alternations other than the menopause, the ex- 
amination of group reaction against the common and con- 
trolled background of industrial efficiency— all these should 
uncover valuable material for analysis and integration by 
those committed to pure research. Finally, and perhaps most 
important, the stimulus of the new information may bring 
about educational reforms which ■wiU produce a new medical 
enriu', a fully implemented profession^ man who 'U'ill not be 
merely a doctor-who-works-in-indusny but an industrial 
physician. 
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the measurement of sickness among 

INDUSTRIAL WORKERS 

WILLtAM M. GAFAFER, D.Sc.* 

AMiite St fii 5 t sight scddenis, poisoning Md a high occupa- 
tional death late are impressive, it cannot, I think, be doubted ttet 
the less dramatic side of the problem [of the health of the in- 
dustrial worker] is, in fact, the more important— namely, the lost 
time and incapacity due to iU-health. 

Six George Xewman, (From the Introduction to: Collis, E. L.. 
snd Greeiro'ood. iM_ The HeAlb of the Industrie Wosker. J. Sc A. 
QrarchiU, London, 1921.) 


INTRODUCTION 


It has been recognized for some rime that the worker s ex- 
ternal environment is not limited to the environment pre- 
sented by his work place, and that certain elements charac- 
terizing more or less the environment outside of his work 
place may be of significant influence on the worker s health. 
More recently this thought has developed further with the 
recognition that the health of the worker is a determining 
factor in the health of the communit)', industrial health thus 
becoming a matter of adult health and of tremendous impor- 
tance in the field of public health. 

TMth this change of viewpoint there naturally arose 
inquines concerning the relative importance of the two en- 
vironments with respect to the worker’s health. Thus refer- 


ence has been frequently made to the statement published by 
the American College of Surgeons that during 1936 among a 
group of 116 companies representing over 350,000 workers, 
8.S5 dal's per worker per year were accounted for by non- 
mdustrial injuries and sickness, 0.59 day by industrial hijuries, 
and 0.01 day by occupational diseases.^ In other words the 
average worker lost during 19 36 among this group of workers 

-v/ States Public Hedtfa Service, snd Chief of 
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are bv no means identical. In other words Jere^e causes of 
' invali'distn and incapaciw which can hardl> affect a death 


The decision to adopt time lost as a measure of departure 
from health has. as was pointed out, automatically rejrcted 
minor ailments or defects and certain physical ^d mental im- 
pairments with none of which is there associated a loss of 
time. Thus the level of sickness absenteeism is measured, 
though not necessarily the level of sickness. 

Two rates involving rime lost have been constructed. These 
are commonly knomi as the dhibility rate, and the seventy 
rate. The disabilin' rate is the average number of days lost 
per year per worker, while the severin' rate is the average 
number of days lost per absence. A third rate of considerable 
importance is the frequency rate or average annual number 
of absences per 1000 workers. For preventive purposes the 
frequency rate is a most useful one. Rates involving time 
while convenient for determining economic losses disclose 
no thing , for example, about the number of sources of infec- 
tion. Thus the records might show three colds per year dis- 
abling on the average for five days each; another set of rec- 
ords might show one cold disabling for fifteen days. The 
three short colds present perhaps more of a problem to the 
plant and the communin' than the long one because of the 
possible effects from greater likelihood of spread of infection. 
^ this h>'potherical situation rates involving time would take 
into account only the days disabled, fifteen in each instance, 
and, consequently, would not differentiate the three-cold and 
one-cold experiences. 

It is helpful to remember that the three rates referred to 
are related and that because of this relationship anv one of 
the three may be obtained from the other two. For 'example 
the disabilin' rate equals the product of the frequencv Ld 
sevenn- rates divided by 1000. 


COMPARABILITY OF RATES 

earner of Differences.-Ut it be assumed that two plants 
have calctdated a sicknes absenteeism rate. If one rate b sicr 
mficandy larger than the other can it be concluded that the 
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about times as much time from nonindusttial injuries 

and sickness as he did from industrial injuries and occupa- 
tional diseases. 

A pertinent question that frequently arises has to do uith 
the health of the industrial population as opposed to that of 
the so-called general poptilarion. Since an industrial group is 
composed of persons who are able to engage in wage-earning 
activities, it may be assumed that it is physically and mentally 
a more or less favorably selected group, because the general 
population includes invalids and persons with physical and 
mental impairments so serious as to preclude employment. It 
may be inferred, therefore, that if an industr)’’ involves no 
health hazards of consequence, the sickness rate among its 
workers should be lower than in the general population. 

SICKNESS ABSENTEEISM RATES 

l^tith die recognition of the magnitude of nonindustrial 
sickness and its importance to the industrial and hence to the 
national economy, there arises the question of prevention and 
control. Industrial Hygiene, an acrin't)^ wliich has to do nith 
the preservation and protection of the health of the worker, 
finds itself, therefore, with the problem of determining where, 
when, and under what conditions ill health is occurring. Thus 
there is required a measure of sickness for the purpose of 
making various comparisons, for e.vample, urithin and among 
different companies for a particular year, or for a selected 
period of time. 

To take into account all departures from physical or men- 
tal health regardless of severit}^ would be a colossal and, at 
present, an impracticable task since there would be included 
minor ailments or defects causing discomfort and inefficiency, 
as well as physical and mental impairments, any of which 
would not seriously interfere •nrith working capacity. At pres- 
ent, absenteeism from work on account of sickness is the 
o-eneraUy accepted measure. The mortality rate on the ocher 
hand as a sole inde.v of departure from health has long been 
discarded since it has been shown on several occasions that 
the pictures resulting from the simultaneous application of a 
rate of mortality and a rate of sickness to a given population 
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factors possibh- affecting the comparability of rates i,’;^lded 
bv the records' of industrial sick benefit orgamzadom. i here 
are available the results of a survey of the sick benefit organ- 
izations. primariiv mutual sick benefit associanons and group 
insurance plans, connected tvith appro.rimarely /OO plants 
representing over a half-milhon workers.^ In 70 per cent of 
the plants membership in the sick benefit organization was 
voluntari-. In 60 per cent there were no age limits for mem- 
bership while in those plants with age limits, the lower limit 
varied from fourteen to twenty-one years while the upper 
limi t varied from thirt}*-five to seventy years. 

Some plants subscribed to certain service requirements. 
Thus 25 per cent of the plants admitted the employee to mem- 
bership immediately upon application, the remainder required 
vaiATUg periods of employment before eligibility for mem- 
bership. A number of plants required a full year’s employ- 


ment. 


I’ifith regard to the e.vcliision of employees in certain occu- 
pations, SO per cent of the plants admitted to membership 
employees in ail occupations. 

About 30 per cent of all plants either debarred from mem- 
bership those employees with chronic diseases or admitted 
such employees to membership with the understanding that 
no benefits will be paid for those diseases. In some instances 
an employee's esclusion from membership is left to the discre- 
tion of the company or organization. 

Of importance also in this connection are the practices 
u-ith regard to the notification, certification, and ’verification 
of disability. In order to draw benefits a disabled member 


must report his condidon to the sick benefit organization. 
The rule regar&g the length of the rime intervd betu-een 
onset of disability and its subsequent reportins; varied; some 
plants required a report 11411110 twenty-four hours, others 
nrithin foru'-eight hours, and still others stipulated two or 
more weefa. Practically all plants required an examination 
by a physician and also that a certificate be submitted to 
them. .Methods for the control of “malingering” were re- 
ported by ne^ly all of the plants; these methods included 
services of a visitmg committee, a physician or a nurse 
designated to call upon the disabled member. 



1108 


^^'ILtIAM M. GAFAFER 


, forces responsible for disabling sickness are greater in num- 
ber or intensit)'^ in one plant than in the other? A sound 
conclusion can be formed only if information concerning a 
number of factors is available. Thus the difference in rate 
may be primarily accounted for by the presence of a larger 
proportion of older morkers in one plant than in the other, 
or b)' a larger proportion of women. For example vith regard 
to age, a plant maj* yield a sickness absenteeism rate signif- 
icantly different from the rate found for another plant hut 
when the rates are made specific for age the corresponding 
rates may be rerx' much alike. Thus the force of morbidit}’ 
may be of the same magnitude in the two plants but because 
of differences in the two age distributions of the workers the 
rates for aU ages combined may show a significant difference. 

There is a host of other factors of importance in the matter 
of the comparability of rates particularly those infiuencing 
absenteeism data yielded by the records of industrial sick 
benefit organizations. Among such factors may be listed the 
foUostdng: * 

1. A^Tiether membership in the sick benefit organization is compnlsorr 

or voluntar)’. 

2. Ase limits for membership. 

3. VVbether or not membership depends upon a certain length of em- 

plojanent. 

4. Whether or not certain occupations debar from membership. 

5. AtTiether or not chronic diseases debar from membership. 

6. The resources of the benefit organization. 

7. Effectiveness of claim supervision. 

8. Methods of administration of sick benefits. 

9. The average wage of the insured, and the per cent of nages paid 

in sick benefits. 

10. Personal equation of the sick worker. 

11. The wairins period. A waiting period at the beginning of disabili^', 

usually seven dates, stipulates that cases of less than a certain 
length mat- nor be certified for benefits. Hence such cases are 
nof in the records. 

1'’. Retroactive payment of benefit for the tvaiting period if the illness 
produces incapacitt’ of more than a specified period. 

13. The period of maximum benefit. Cases of disabilitt’ are usually closed 
after a certain number of weeks has elapsed. 

Frequency of Factors Affecting Rates.-lt is of interest to 
review the relative frequency of occurrence of some of the 

• Compare Kopf, reference 2. 
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amon? odier things, the existence of the “repeater” or ;^at 
mav be othervrise termed the “actness-prone x\orker. ihns 
in 1939 among a group of aporoximarel}' 3000 mde workers, 
44.8 per cent of 'the workers had no disabling sicknesses of 
one dav or more recorded for them, 31.5 per cent had one 
sicknes each, 13.0 per cent had two sicknesses, 6.7 per cent 
had three, 2.5 per cent had four, 0.9 per cent had fire, 0.4 
per cent had ax, 0.1 per cent had seven, and 0.1 per cent had 


eight.® 

Another aroup measured during the six years, 1935-40, 
revealed that approximately one-half of the male workers 
and one-fourth of the femie workers were not disabled on 
account of sickness at any rime during a year for as long as 
one day or more,' Sixt>'-five per cent of the male disabilities 
occurred among workers representing only 21 per cent of 
those exposed to risk of disabdin'. For the females 63 per 
cent of the disabilities occurred among 27 per cent of the 
female workers. In generaL increasing age tends to reduce 
the number of disabilities which one worker may suffer dur- 
ing a particular year, but the average length of each disabiiiu' 
tends to increase. Thus. 4.1 per cent of all males under thinn* 
years of age were disabled four or more times during a year 
while 2.5 per cent of ail males fifn* years of age and over 
were disabled the same number of times. The corresponding 
percentages for the females are 20.6 and 6.0, respectively. 
Sickness-prone workers, that is workers with four or more 


disabling sickneses during one year, were disabled several 
times the following year. 

The Cjuses oj Frequency, disabilit}' and severit}' 

rates based on a three-year experience of a public utility, 
1938-40. are shown by sex and cause in Table 1.® Attention 
is dhected to the exceses m the frequenc}' and disabilitv rates 
shown by the females when compared 'with die mal’es. the 
sevenn- rates being generally higher for the males. It will be 
obser^d. also, diat the respiratory gronp of diseases is re- 
sponrible ior over half of the absences and over one-third of 
days absent. In the respiratoiy- gronp colds exact the 
large.. toU ot absences, \ybit the number of absences is 
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Reference has been made to the effect on the sickness 
absenteeism rates of the 'waiting and inaxhmnn benefit peri- 
ods. Approximately one per cent of the plants had no "waiting 
period after onset of disability, 60 per cent had a seven-day 
waiting period and 10 per cent had a seven-day waiting 
period "oith payments of benefits retroactive to a specified 
date. The benefit period per case of disability ranged from 
three to 104 "«'eeks. Twenty-five per cent of the plants paid 
benefits for thirteen weeks with a limit of six weeks for cases 
of pregnancy while 15 per cent paid for twenty-six weeks. 

It is obtfious from the foregoing that a number of factors, 
both natural and artificial, must be considered before any 
conclusions are drawn from the rates. In this connection it 
was recently stated that the lowest rates were found in plants 
where the selection of employees is good, "where promotion 
is possible for efficient -workers, and -ivhere there is stability 
but not rigidity of organization.^ Undoubtedly other factors 
ti^ere also involved such as the nagging of a person in charge, 
a lack of reasonable considerarion, and personal mental con- 
flicts.^ 

Conclusions. ~Th& difficulties connected with the drawing 
of sound conclusions from sickness absenteeism data have 
perhaps been sufficiently emphasized. Attention, however, 
should also be directed to the matter of cause and the onset o] 
illness, both of which may be frequently outside of employ- 
ment and unrelated to it. Moreover, the diagnosis may be at 
times equally uncertaiiL 

Because of the importance of the problem of sickness 
among industrial tvorkers, the difficulties surrounding its 
investigation should not discourage the collection of data 
and any attempts that might be made in their analysis. The 
pertinent data therefore should be uniformly recorded, care- 
fully analyzed, and interpreted with caution. 

DISABLING SICKNESS RELATED TO VARIOUS 
FACTORS 

Sickness Protteness.— The sicknesses e.xperienced by a group 
of industrial workers during a particular period of time are 
not uniformly distributed among the tvorkers. This indicates. 
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rehckelv loTT for the nonrespiratory-nondsgemve group ol 
(Hseases'the corresponding dsys absent are ol a magnitude 
simUar to the da>-s accounted for by the respiraton- group, 
the rheumatic group of diseases bebg the principal nme- 
loser. The absences for the digepre group and the nom-espir- 
arorj'-nondigestire group of diseases are sirmlar in number, 
the outstandnig cause under the digestive group being diseases 
of the stomach, cancer excepted. 

Season.— The seasonal variation of sickness from certain 
causes is well known. The following observations are based on 
eisht-day or longer disabilities. For the respiratory’ group of 
diseases the first quarter of the year generall_v shows the high- 
est frequency rare when compared with the rates for the 
other quarters. In fact this rate is frequently found to be from 
twice to three tim^ the rate for the third quarter of the 
year; in the epidemic year of 1937 the first quarter rate was 
over four times the corresponding rate for the third quarter.® 
Seasoaalitt’ was also shown by diseases of the sldn, the third 
quarter frequency rates appearing as peaks in a graph cover- 
ing all quarters of the ten-year period, 1930-39.^” A notable 
seasonal variarion was also exhibited by diarrhea and enteritis 
for the ten-year period. 1932-41, the third quarter rates con- 
sistently showing a peak.^ 

Trme.— Inquiiy into the matter of rime-chanses in rates of 
sickness trequently leads to fruitful conduaons particularly ' 
with reference to the question of the efiectiven^ of, or the 
necesitr- tor. specific control measures. The results of a 
recent study covering an eighteen-year sickness experience 
are ^ of interest." This study dealing with the rime-changes 
in tne frequency of sickness and nonindustnal injuries causing 
disabiiit} lasting more than one week disclosed the following; 


1. AB shoir^dz eovrnmrd tiead ^hich more in evidence 

anong lemsles-die crindprl derermirdns lector of move- 
.--ec: bemc ms i^ircrorv dissrses. 

rose, those represendns die 

vrovps slmost et die same rare v\h2^ the 
trend rose more slomiv. 

o; crcDktorv system, mdudlrg diseases 

^o ^ppead;a..5, showea aa opmard trend. 
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dar days or longer, by age group and year of onset of disability; experi- 
ence of -white male members of the side benefit organization of a railroad, 
1930-34, inclusive. (Vertical logarithmic scale.) The graph representing 
“all ages” is not shown; it follows closely the graph for ages 43-54. 

downward trend during a five-year period, the average dura- 
tion of disabilities moved upward.'^ These obsen-ations are 
presented graphically by age group in Figs. 159 and 160. 
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5 . not preciselj* the same, the trends amon? males were down- 

ward for the three industrial groups, iron and steel, public urilities, and 
miscellaneous industries, in respect of all sickness, respiratory diseases, pneu- 
monia, and respiratoiy' tuberculosis, and upward for diseases of the cir- 
culatory' s}-stem including diseases of the heart. 

Occiipatio7}.—Somt occupations appear to be more asso- 
ciated with certain disabling sicknesses than other occupa- 
tions. According to a recent report on a sample of glass ■work- 
ers it was found that the number of days of disability because 
of the rheumatic diseases tvas over 50 per cent greater than 
the number accounted for by influenza and grippe.” More- 
over, grinders, outside workers, and flnishers e.vperienced 
frequency, disability and severit)' rates well above the average 
for the entire group of workers. 

Co/or.— There is a notable paucity of published material on 
disabling sickness among comparable Negro and white popu- 
lations. Appropriate data covering five years have been made 
available, the principal results of the analysis of which may 
be briefly summarized as follows;” As Ae occupations of 
Negro and white males became more nearly alike, die magni- 
tude of the excess in the frequency rate of disabilities among 
Negroes tended to decrease, rf not to disappear entirely. This 
suggested that it V'as differences in the type of work per- 
formed together Muth the associated socio-economic status 
rather than race per se which produced the unfavorable 
Negro health record wflen occupation was not held specific. 
Disregarding occupation, increasing age had the effect of 
reducing racial differences since the Negro rate showed a 
tendency to increase less rapidly than the rate for the white 
workers. The rates for respiratory and rheumatic diseases 
remained unfavorable for the Negroes and were less subject 
to the equalizing influence of occupation and age. 

Frequency and Duration of Sickness . — It is appropriate to 
direct attention to the fact that as a measure of economic 
losses from sickness and injuries, the average frequency rate 
may lead to erroneous conclusions, since this rate may decline 
while at the same time the average duration of disability may 
increase. Thus it was found among a group of appro.ximately 
30,000 white wale industrial workers that tvhile the average 
frequently of eight-day or longer disabilities followed a 
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(hr davs or looser, by age groop and year of onset of disability; experi- 
ence of 'R-hite n^e members of Ae siclt benefit organization of a railroad, 
1930-34, inclusive. (.Vertical logarithmic scale.) The graph representing 
“all ages” is not shonm; it follows dosely the graph fo^ ages 45-54. 

doNTOward trend during a five-year period, the average dura- 
tion of Usabilities moved uptvardd’ These observations are 
presented graphically by age group in Figs. 159 and 160. 
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It will be seen in Fig. 159 that while for each age group 
the frequency rates for successive years are not always less 
than the corresponding rates for years immediately preced- 
ing, the time trends of the rates are generally downward. 
Attention is also directed to the upward trend in frequency 
svith respect to age. This trend for a particular year may be 



YEAR or onset 

Fi't. 160.— Average duration of cases of disability on account of sickness 
and nonindustrial injuries, cases lasting eight calendar days or longer, by 
aue vroup and year of onset of disabiUtj^; experience of white male mem- 
bers of the sick benefit oreanization of a railroad, 1930-34, inclusive. (Ver- 
tical logarithmic scale.) The graph representing “all ages” is not shown; 
it follows closely the graph for ages 45-54. 

seen in Fig. 159 by reading vertically from age group to age 
group. 

Figure 160 shows graphically the movement of the case 
duradons with the passage of time for each of the si.v' age 
groups. It will be obser^-ed that the rates for each age group 
follow an upward trend. \^Ten the age group under twenty- 
five years is disregarded it is seen that the graphs representing 
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the time changes of the rates of the rem™g five age groups 
appear in order of increasing age, indicatmg for each year 
an increasins duration of case with age. regard to 

rapidity of increase in the time trends it will be observed 
that when the youngest and the oldest age groups are ms- 
regarded the rate orincrease is approximately the same for 
each of the remaining four age groups; thus while the trends 
describe difierent paths, their rate of increase is approximately 


the same. 

The Seven-day Waiting Feriod.Smct most of the benefit 
schemes makhiEr data available require that seven da} s elapse 
between the onset of disabiht}- and the commencement of the 
pai.Tnent of benefits, such records contain no information on 
disabilities lasting seven days or less. The question is fre- 
quently asked, therefore, about the effect of the introduction 
of a seven-day waiting period on the frequency of, and time 
lost from, absences of ail durations. 

An oppormnit)* to provide an answer to the question pre- 
sented itself when the requisite data were made available by 
the record for the five years, 1933-37. of one-day absences 
or longer that occurred among the employees of a public 
utilit\* company, one that had been operating under a liberal 
disabilit}* plan for a quarter-centuin*.^® The analysis of the 
data showed, among other things, that although the males ex- 


penenced annually 900 absences per 1000 males, and the 
females 1S20 per 1000 females, only 153 absences among the 
males and 232 absences among the females extended through 
the eighth day; in other words, 17 per cent of all recorded 
absences among the males extended through the eighth day 
while 13 per cent of all recorded absences among the females 
extended through the eighth day. Thus if the public utilit}' 
were to operate under a seven-day waiting period the re- 
corded absences among the males would be reduced by about 
S3 per cent while among the females the corresponding per- 
centage reduction would be about 87 per cent. Furthermore 
of the total recorded days of disabilit}- 45 per cent among 
males, and a 2 per cent among the females occurred during 
da>-s of disabiUw after onset. 

The Alaxinmm Benefit Period.-\-VUt the lencrth of the 
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It will be seen in Fig. 159 that while for each age group 
the frequency rates for successive years are not always less 
than the corresponding rates for years immediately preced- 
ing, the time trends of the rates are generally downward. 
Attention is also directed to the upward trend in frequency 
with respect to age. This trend for a particular year may be 



YEAR or onset 

Fig. 160.— Average duration of cases of disability on account of sickness 
and nonindusirial injuries, cases lasting eight calendar daj-s or longer, by 
ase ffroup and )'ear of onset of disability-; experience of white male mem- 
bers of the sick benefit orsranizarion of a railroad. 1950-34. inclusive. (N'’er- 
tical loearithmic scale.) The graph representing “all ages” is not shown; 
it follotvs closely the graph for ages 45-54. 

seen in Fig. 159 by reading vertically from age group to age 
group. 

Fimire 160 shows graphically the movement of the case 
durations with the passage of time for each of the six: age 
oToups. It will be observed that the rates for each age group 
follow an upward trend. When the age group under nvcnty- 
five rears is disregarded it is seen that the graphs representing 
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data, therefore, should be unifonriy recorded, carefully an- 
al>-zed, and mterpreted vcvh caution. 
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maximum benefit period for which benefits are paid does nor 
affect the frequenc)’’ of recorded absences, it does influence 
those rates which depend upon time, since the days lost which 
extend beyond the termination of benefit payments are not 
in the records. An analysis** of the records of some twenw- 
fire benefit schemes showed, among other things, that the 
extension of a maximum benefit period of thirteen sveeks to 
fift}'-two weeks results in an increase of the average annual 
number of days disabled per male and per female of about 30 
per cent and 23 per cent, respectivety. An extension from 
twent}'-six weeks to fifty-two weeks, on the other hand, 
results in an increase of the average annual number of da}'s 
disabled per male and per female of about 13 per cent and 6 
per cent, respectively. These calculations are based on eight- 
day or longer disabilities unth benefit pajunents retroactive 
to the first day. 

Other Factors.—'Vtiete are many other factors which are 
of importance in their relation to disabling sickness. It is ap- 
propriate to conclude noth the mention of three factors that 
were emphasized in the reports and memoranda of the British 
Health of Munition IVorkers’ Committee issued during and 
after the first M^orld M'ar.-® Reference is made to large in- 
creases of workers^ overtime m'th its attendant fatigue, and 
vight work. Recent data** substanaadng the importance of 
these factors are available only in connection with large in- 
creases of workers. Thus it was found that increases in the 
force of iron and steel workers were associated with increases 
in the frequency of pneumonia. 

SUMMARY AND CONCLUSION 

The measurement of departure from the physical or mental 
health of the industrial worker has been e-vamined. The com- 
parabilitj' of rates was discussed. Some of the factors related 
to disabling sickness were reviewed and the interrelation of 
a number of these factors was obseiwed. The difficulties in- 
volved in the formularion of sound conclusions irith ref- 
erence to the subject of sickness are many, an obsen-ation 
which should not discourage the collection of data and any 
attempts that rm'ght be made in their analysis. The pertinent 
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data, therefore, should be tmifonriv recorded, carefully an- 
al>-zed, and interpreted -n-ith caution. 
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FATIGUE AHD V/AR PRODUQTION 
robebt h. funn, m.d.» 

THE problem of FATIGUE 

The problem of fatigue in industry has been a tronblesome 
one for many years. During the first World ar the need 
for an inexhaustibie supply of war materials greatly aggra- 
vated the problem and clearly demonstrated that the wheels 
of industry were no more efficient than the htiman factors in- 
volved. Excessive sickness and accidents, decreased produc- 
tion, and spoilage of materials called attention to the urgency 
of this problem and to the need for a careful appraisal of 
fatigue and its relation to conditions of employment. Conse- 
quently, extensive studies were made of fatigue, especially 
in Great Brit^ and the United States, and much information 
has been developed to throw further light upon the sub- 
)ect.t 

Fortunately, in recent decades, much progress has been 
made in combating fatigue, partly by the application of 
known facts concerning its prevention, and to a large extent 
by technological progress in many industrial operations. Until 
our entrance into the present war, the tendency had been 
growing to shorten the working hours, to select the proper 
worker for the job, to see that each worker learned to do his 
job skillfully and efficiently, to mechanize operations previ- 
ously performed by hand, and to take even- precaution to 
make the working environment as free of health and accident 
hazards as was practicable. 

• Passed Assistant Surgeon, U. S. Public Health Service, Division of 
Induscnal Hygiene, National Institute of Health, Bethesda, Man-land. 

Tin this paper, no attempt has been made to review the volominons 
literature on fangne or to present detailed findings from the extensive 
^dies on fangne, both here and abroad. Public H'^th Bulletin No 269 

Jones Fhmi, Hammond, and their collaborators, entitled ‘Taiimie and 
Houk of Semce of Interstate Truck Drivers"” contains such a“revi^ 
as \\ ell as other papers cited in the Bibliography. ’ 
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Now that we have embarked upon another great war that 
promises to be the most gigantic struggle in history, many of 
the old problems are arising in an exaggerated form. This is 
particularly true because of the tremendous increase in the 
use of mechanized methods of warfare and the urgency of the 
need for immediate mass production. We have begun to 
produce airplanes, tanks, guns, ships, and explosives on an 
unprecedented scale and will continue to increase this pro- 
duction so long as necessary’’. This will result in longer work- 
ing hours, speed-up in production, night shifts, the use of un- 
skilled and physically inferior workers, many more women 
in industry, congestion and delays in transportadon, 
crowded housing conditions in industrial centers, and pos- 
sibly restriction in the food supplies and other needs of the 
workers. All these factors tend to cause unusual strain on the 
workers, contributing toward fatigue and frequently result- 
ing in impaired health. In order to keep those workers effi- 
cient and on the job full time, every tool of modem indus- 
trial hygiene practice must be utilized as well as known. 

DEFINITION OF FATIGUE 

Fatigue has been defined in a great many ways by different 
investigators, as may be seen by reading the numerous reports 
on the subject. This variation may be ascribed in part to the 
different lines of attack on the problem, the varying back- 
ground of the investigators, and the varying causes, both in 
quality and quantity*, of fatigue in the persons under invesu- 
gation. For example, a biochemical and physiological appraisal 
of an athlete who has just completed a live-mile race would 
give a wholly different concept than a psychological study 
of a student w’ho had been employed continuously at mental 
work for rwent)^-four hours. Similarly, the statistically- 
minded mrestigator w’ould have a different viewpoint after 
tabulating and analyzing data on the number of pieces of 
work turned out by a group of individuals, hour by hour, and 
dav bv day, under standard conditions. Other studies have 
included analyses of acddents, of spoilage of materials, of 
absenteeism, and of labor turnover as indices of fatigue. 

For the sake of simplicity', industrial fatigue tuay be 
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thought of as a general physiological state manifested by the 
impaired ability of the avorker to do hs pb properly o^jng 
tovnfavorable past experience. The objecuve maoif^taao^ 
of fatigue are often, but not necessarily, accompamed b) sub- 
jective symptoms. 


Causes of Faligue 

This unfavorable experience as the cause of fari^e may 
have occurred on or off the job, or in both situations. At 
‘leork, it mav have included excessive hours of work; exces- 
sive speed-up of work-, boredom due to repedrive work; awk- 
ward work movemeucs; lack of properly spaced rest periods; 
improper posture; excessive noise; excessive heat; inadequate 
illuminatioa or glare; noxious dusts, fumes, and gases; inade- 
quate food, water, and salt intake; emotional disturbances 
caused by fear of not doing the job right or of losing the job; 
and an improper attitude toward the job. 

Off the fob factors may have included loss of sleep, in- 
temperance, delays in reaching work, nnhealthful living con- 
ditions, emotional disturbances about home and family affmrs, 
inadequate nutridou, and illness itself. Of these factors, in 
recent years mitrition has been shown to play an extremely 
important part in the health and efficiency of the worker. 
Lack of an adequate intake of vitamins and nunerals, in addi- 
tion to carbohydrate, proteins, and fat, results in a marked 
reduction of efficiency and well-being. Dissipation likewise 
compounds the effects of fatigue and interferes iiich recu- 
peration, thereby forming a vicious cycle. Several of these 
factors often are working together to produce impaired 
functioning of the individual. 


Fadgue is normally physiological and the worker's full 
ricaliti' may be quickly restored to normal after an adequate 
penod of rest and sleep. Repeated excessive fatigr/e may lead 
to a state of exhausdou and the worker's full energies will not 
be recovered by ordinari' means. Such a chanse may prom-ess 
graduaUy and imperceptibly over many mon^. This morbid 
ti-pe of faogue, if contmued, may, and often does, result in 
permanent impairment of the worker’s health and productive 
capaciu- as descnbed by Collier= and Walsh.'^ TlS chronic. 
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isabling type of fatigue must be especially guarded against 
in view of the prediction of our leaders that the ability to 
produce the munitions of war will in the long run determine 
the outcome. 


APPRAISAL OF FATIGUE 

Meamrevient of Productive Capacity.— As there is at 
present no precise or accurate single metliod for detecting or 
measuring fatigue as discussed by Ivy,^- investigators are 
restricted in their methods to those measuring impaired func- 
tions of the individual or of groups of individuals. One of the 
most direct methods, of course, when practicable, is to meas- 
ure the e.vact productive capacity of workers in relation to 
their job, decreased productive capacity being considered a 
manifestation of fatigue. Other factors may be taken into 
consideration by this method such as errors or spoilage of 
materials, and accidental injuries. 

Appraisal of Altered Functiotis.— Another approach is to 
study the individual for evidence of impaired simple func- 
tions, either physiological or psj’-chologicaJ, and then to tr>' to 
fit these impaired functions together into a pattern indicating 
the relative degree of functional efiiciency or the fatigue 
status of the subject. This latter method is the clim'cal ap- 
proach discussed b}* Collier^ and follows that recently recom- 
mended by the Committee on Work in Industrj’’ of the Na- 
tional Research Council.-'* 

This appraisal of altered functions of the worker is an- 
alogous to the diagnosis of a disease whose e.\'act cause and 
nature are unknown, each altered function being considered 
as a s)’’mptom. Before the discovery of the tubercle bacillus, 
pulmonary tuberculosis was diagnosed by the cough and 
blood-tinged sputum, the rales and dullness over the clavicles, 
the fever and rapid pulse, the wasting, and the common sj^p- 
toms of toxemia. Similarly, fatigue might be considered to be 
indicated by a pattern of impaired functions in the individual, 
including such relatively simple factors as a delayed response 
to a stimulus, unsteadiness, decreased coordination, impaired 
muscular ability, changes in blood chemistty, and eye strain, 
as compared to the normal or rested state. Collier has stated 
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in diis coimecdon that from a clinical or uveM st^dpomt, 
only a mirov: vnargin sepjrjtes fatigue fro??: disease.' 

A STUDY OF FATIGUE AMONG TRUCK DRIVERS 

A approach to the study of fatigue tvas^ recenti\ 

made by the U. S. Public Health Service though its 
crial Hvgieue Division of the National Insotute of Hemth. 
The Interstate Commerce Commission had requested that a 
studv he made of fatigue tvith relation to hours of driving 
and other conditions of work among interstate truck drivers 
in an efiort to adduce further evidence to serve as an aid to 
judsment in setting a proper limitation on the hours of work 
in die interest of highvray safety. Accordingly a search svas 
made of the available literatnre and virits were made to other 
research centers tvhere studies of fatigue were in progress in 
order to ascertain the most practical methods of attacking the 
problem. A laboratory for making preliminarv' tests of meth- 
ods and equipment was set up at Quantico, TTrginia. where 
U. S. .Marine Corps truck drivers were used as subjects. Here 
drivers were tested both before and after var>-ing periods of 
driving for evidence of alteration or impairment in many 
ps\'chological and phr-siological functions. 

It was apparent from the r^ults of these tests that the 
altered functions observed in truck drivers following a day 
at the wheel were not the weii-recogmzed physiological 
changes commonly observed in workers or athletes after 
severe mmcular exertion. Rather they were more of the 
psycholo^cj] type of alteration as evidenced bv tests of psv- 
chomotor or neuromuscular function together with some few 
slight physiological changes. 

Accordingly some of these methods were selected for the 
mtensive testing of commercial truck drivers in the field 
umg their actual work day. The methods previouslv tested 
and eiunmated for this study included treadmill exer^e and 
^oaated metabolic studies, a refined visual acuit\* test, a 

an intelligence test, and the majorits- of 
biOv-heimcal analyses of the blood. 

TeUs Sekaed for th Field Sludr.-Tht tests selected as 
of prmWe vdne for the field study included u S 
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psychological tests designed to tneastire simple reacrion time, 
steadiness of hands and body, accuracy of movement, reac- 
tion-coordination rime, ^eed of tapping, strength of grip, and 
tlie estimation of the size of known objects; an automobile 
driving test in an apparatus designed to simulate the drimg 
compartment of an automobile; a visual acuity (snap acuity) 
test; a visual test for measuring critical fusion frequency of 
flicker; a test of the speed of eye movement (saccadic in- 
terval) by means of the ophthalmograph; nhice blood cell 
counts and differential counts; biochemical analyses of the 
blood for serum potassium and total base; and a complete 
medical histor)’' and examination including routine clinical 
laboratory tests on specimens of blood and urine, and two 
tests for carbon monoxide in blood. The viedical exmnvatmi 
were made to appraise the health of this group and to com- 
pare it wtith other industrial groups, to bring clinical data to 
bear on the problem of fatigue, and to determine if the 
occupation of truck driving had possibly harmful effects on 
the drivers’ health. 

Manner of T ewiug.— Commercial truck drivers were tested 
with these selected methods at three field stations. Each driver 
was git'en a thorough medical examination and as many of the 
special tests as possible in tlie rime at his disposal. The men 
were urged to return a second time to take those tests they 
had missed on the first visit. In alh S89 drivers were examined 
in 1200 test sessions. Men were tested in three cities, 229 
drivers being tested in Baltimore, 251 drivers in Nashville, 
and 409 drivers in Chicago. 

A complete occupational historx’^ was obtained from each 
man. as well as an accurate account of all his activities during 
the previous twentj'-four hours and the prewous week. Tests 
were given at all rimes of the day at the end of drives of 
various lengths. A considerable number of men were tested 
who had slept since their last drive. Every' effort tvas made 
to test drivers soon after they had left their cruclcs if they 
had been driving or soon after an adequate period of sleep 
if they’’ had not been driving. 

Thus xvhen the field investigation was completed it was 
possible to analyze and to compare statistically the results of 
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some 1200 test serous in groups of drivers ndth var>ing 
dtirinn experience both -nith relation to a presumably rested 
state and after periods of more than IS hours of dnvmg. 


Results of This Study of FaHgus 

MEDtc-VL Fixnrxcss.— The results of the medical exanuna- 
rions indicated that the drivers as a whole were in good health 
and good physical condition^" Two factors contributing to 
this situation were the youthful age of most of the drivers and 
the selective nature of the occupation. 

By comparing the -treig/’t of the drivers with the average 
weight for men of their height and age according to life in- 
surmce tables, it was found that while all drivers considered 
together were of about average weight, the Nashville drivers 
as a group tended to be undem*eighr. the Baltimore drivers 
were overweight, and the Chicago drivers occupied an inter- 
mediate poation. 

The vv.tivj/ aaihy (Snellen) of the drivers was somewhat 
inferior to that of workers in eight ont of nine indnstries 
previously reported in the Public Health Service in a statis- 
tical survey of the health of 10.000 industrial workers.^ Nor- 
mal vision in both eyes was found in the case of 42 per cent 
of the drivers, while 70 per cent had normal vision in at least 
one eye. Thutv'-nine drivers (4.5 per cent) had visual acuit\' 
racings below the standard set by the Interstate Commerce 
Commission for pre-emplo\Tnent examinanons of commercial 
drivers (not less man 20^ ia better eye and 20-100 in 
poorer eye). About one out of ten drivers customarily wore 
glasses. 

Con'jiinctiv:i] vijectioji was the most frequent abnormal 
physical finding among the drivers. TTTiile this disturbance 
has no toown efiect on visual acuit\- and may be due to manv 
causes, it does indicate an nnfavor^le experience of the eve 
and was found more frequently in men who had been driving 
than in rested men. 


Few c^cs of puhnovary disease were found among the 
dnvers TTere were tHee cases of bronchial asthma. Aree 
cases of chrome bronchins, and twenty cases of acute bron 
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psychological tests designed to measure simple reacoon time, 
steadiness of hands and body, accuracy of movement, reac- 
tion-coordination time, speed of tapping, strength of grip, and 
the estimation of the size of known objects; an automobile 
driving test in an apparatus designed to simulate the driving 
compartment of an automobile; a visual acuity (snap acuity) 
a visual test for measuring critical fusion frequency of 
flicker; a test of the speed of eye movement (saccadic in- 
tenml) by means of the ophthalmograph; white blood cell 
counts and differential counts; biochemical analyses of the 
blood for serum potassium and total base; and a complete 
medical history and examination including routine clinical 
laboratory tests on specimens of blood and urine, and nvo 
tests for carbon monoxide in blood. The medical examinations 
were made to appraise the health of this group and to com- 
pare it with other industrial groups, to bring clinical data to 
bear on the problem of fatigue, and to determine if the 
occupation of truck driving had possibly harmful effects on 
the drivers’ health. 

Manner of Tert/wg.— Commercial truck drivers were tested 
utith these selected methods at three field stations. Each driver 
was given a thorough medical examination and as many of the 
special tests as possible in the time at his disposal. The men 
were urged to return a second time to take those tests they 
had missed on the first visit. In all, 889 drivers were examined 
in 1200 test sessions. A'len were tested in three cities, 229 
drivers being tested in Baltimore, 251 drivers in Nashville, 
and 409 drivers in Chicago. 

A complete occupational history'- was obtained from each 
man, as well as an accurate account of aU his activities during 
the previous twenty^-four hours and the previous week. Tests 
were given at all times of the day at the end of drives of 
various lengths. A considerable number of men were tested 
who had slept since their last drive. Every' effort was made 
to test drivers soon after they had left their trucks if they 
had been driving or soon after an adequate period of sleep 
if they had not been driving. 

Thus when the field investigation was completed it was 
possible to analyze and to compare statistically the results of 
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some 120Q test sessions in groups of drivers with varying 
driving experience both with relation to a presumably rested 
state after periods of more than IS hours of dnving. 

Results of This Study of Fatigue 

MEDiaxL Fixdixgs.— The results of the medical examina- 
tions indicated that the drivers as a whole were in good health 
and good phyrical condition.^^ Ttvo factors contributing to 
this situation were the youthful age of most of the dnt ers and 
the selective nature of the occupation. 

By comparing the 'v:eight of the drivers nith the average 
weight for men of their height and age according to life in- 
surance tables, it was found that while all drivers considered 
together were of about average weight, the Nashville drivers 
as a group tended to be underweight, the Baltimore drivers 
were overweight, and the Chicago drivers occupied an inter- 
mediate position. 

The v'mid acuity (Snellen) of the drivers was somewhat 
inferior to that of workers in eight out of nine industries 
previously reported in the Public Health Service in a staris- 
rical survey of the health of 10,000 industrial workers.^ Nor- 
mal vision in both eyes was found in the case of 42 per cent 
of the drivers, while 70 per cent had normal vision in at least 
one eye. Thirt%’-nine drivers (4.5 per cent) had visual acuiu* 
ratings below the standard set by the Interstate Commerce 
Commission for pre-employment examinations of commercial 
drivers (not less than 20^ in better eye and 20-100 in 
poorer eye) . About one our of ten drivers customarily wore 
glasses. 

Conjunctival injection was the most frequeut abnormal 
physical finding among the drivers. ITTiile this disturbance 
has no Imotvn effect on s-isual acuita- and may be due to many 
causes, it does indicate an unfavorable experience of the eve 
and was found more frequently in men who had been drivnur 
than in rested men. “ 

Few c^es of pulmonary disease were found amoncr the 
dnvers. TTere w-ere three cases of bronchial asthma, “three 
cases of chrome bronchitis, and t%vent>' cases of acute bron- 
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chitis (associated with colds). No clinical cases of pulmonar}’ 
tuberculosis W'^ere found but no x-ray studies were made. 

Heart disease and associated disorders were found in about 
the same proportion as in other studies made by the Public 
Health Sendee of industrial males of similar ages.^^ The 
function of the heart was not seriously impaired in any* of the 
drivers. A few^ cases of heart disease were found, however, of 
such potential gravity that the men affected should not at- 
tempt strenuous wmrk. 

There was found a rather high incidence of 'visible treinoT 
of the outstretched hands (31 per cent), and of an increase 
in knee-jerks or patellar reflexes (25 per cent). A shght de- 
gree of dennographia w^as frequently observed. These find- 
ings showed no correlation with hours of driving but did 
show a slight age trend. They reflect shght disturbances in 
psychomotor function w'hich may result from a complex 
variety’- of causes. Disorders of speech and gait were rare. 
Only a few drivers were found with arthritis or other dis- 
orders causing soreness or stiffness of the joints, ^^ith a few 
exceptions the drivers showed good function of the skeletal 
system. 

No cases of carbon monoodde poisoning were found in this 
study. A few specimens of venous blood from the dnvers 
show’ed small amounts of carbon monoxide hemoglobin, but 
not enough to cause sy’mptoms. A few’ drivers gave a histor)’ 
of previous illness from carbon mono.xide, w’hich undoubt- 
edly is a real hazard w’hen the exhaust system of the truck 
is not working properly. 

Syphilis w’as indicated by the Kahn blood test (4-r or 3+) 
in nineteen drii’ers (7.9 per cent) in Nashville, and eighteen 
drivers (4.6 per cent) in Chicago. Blood tests were not made 
in Baltimore. Laboratory tests including hemoglobin content 
of the blood, and specific gravity and hydrogen ion concen- 
tration of the urine show’ed no correlarion with condidons 
of w’orL 

Results of Tests.— As a matter of convenience the tests 
w’ere divided into two groups: (1) performance tests w’hich 
measure the ability of an individual to accomplish a given 
task, and (2) nonperformance tests which measure bodily 
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over ^hich the subject has Utde or no voluntarv con- 
trol The advantages and disadvantages of these ttto t) p« ot 
tests have always been the sabject of conaderable de^e 
amons those searching for satMactory fatigoe rests, ibe 
advocate of the latter claim that performance tesc ^ so 
eready influenced by iDotivatioa and the pst'chological state 
of the subject that Ae results are too variable and uncertain 
to be submitted as rigid, scientific proof. They prefer to de- 
pend entirely upon chemical and phyaological tests, the re- 
sults of which cannot be deliberately inflnenced by the sub- 


ject. 

The advocates of performance tests, on the other hand, 
point out that most physiological tests such as blood pres- 
sure. heart rate, and possibly even blood chemistn.', may be 
decidedly influenced by the emotional state of the subject and 
so are not really free of psv'chologicai influence even though 
the subject cannot alter his blood pressure or heart rate at 
will Certain performance ttsxs have two advantageous fea- 
tures; (1) they directly test functions of basic importance in 
the eSdent performance of specific tasks, such as truck driv- 
ing. and (2) they are designed to detect relatively slight de- 
gree of fatigue more readily than tests of most of the gen- 
eral physiological functions, many of which are not measur- 
ably altered until the stage of exhaustion is approached. Both 
performance and nonperformance tests were used extensively 
in the study, as it was felt that neither one alone would mve 
a clear, rounded picture of the s^Tuptom-complex known as 
fatigue. 


In the analii'sis of the results, tie drivers were classified 
according to how Ions they had driven since sleeping six 
hours or longer. Those whose periods of driving and sleeping 
weie very much inremmed were omitted from this classifica- 
tion 1.0 prevent confusion. Other correlations of the test re- 
sulo were al^ npde such as age trends, sectional difierences. 
and hours ot dnrmg during the past twenw-four hours. 

N onpeifonnance Jests.~lt was apparent from the historr- 

of those t^-ted had xecend’v 
.-p.iienced exweme muscular exertion, such as a football 
player puts .onh m a hard game. In such cas^, it is common 
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to find marked changes in the chemical composition of the 
blood, a greatly increased white blood cell count, and altera- 
tions in the blood pressure and heart rate. No great changes 
in these functions were found to be associated \rith hours of 
dri\ting in the men tested.* Those men who had driven the 
longest had almost exactly the same potassium and total base 
concentration in the blood serum, on the average, as the men 
who had not dnren at all since sleeping. If marked changes 
had occurred in these factors, they would have indicated a 
fundamental disturbance in bodily function. 

The 'Vuhite cell count is more sensitive to activit}-, par- 
ticularly physical exercise. The men who had driven were 
found to have higher n'hite cell counts, on the average, than 
those who had not driven. However, no fine gradations 
were found by hours of driving. In Chicago, where a defimte 
attempt was made to select those men who had driven long 
hours and where the largest number of drivers was tested, the 
men vt^ho had driven ten hours or more had higher average 
white cell counts than those who had driven less than ten 
hours, but this trend did not appear in the other two cities. 
The average ■white cell count of all drivers regardless of driv- 
ing experience or recent sleep (9948) exceeded that usually 
regarded as normal. 

Changes in heart rate and blood premire are know to 
occur as a result of muscular exercise, emotional disturbances, 
and glandular acriviries. ’i^tith increasing hours of driving, the 
average heart rate -u'as found to be slightly lower. The men 
who had driven had sh'ghtly higher mean s>^sroIic and dia- 
stohc blood pressures than men who had not driven. 

Ferformance Tests.— As was expected, the performance 
tests, being much more sensitive to variations in the state of 
the subject at the time of the test, showed much uider dif- 
ferences between groups of drivers in various conditions. 
There was no indication of any attempt on the part of the 
men to influence the results other than to put forth their best 
efl'ort to make a good shouting. Their cooperation, in fact, 
was e.xcellent. Every subject was treated in exactly the same 

'Detailed tabuhrions showing these data may be found in Public 
Health Bulletin No. 265.^= 
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way in administering any given test and the factor of monva- 
don was thereby held as constant as possible. 

The test of the speed of eye moveiiient^ measured by means 
of the ophthalmograph, might be considered as int^ediate 
between a performance and nonperformance test. The ob- 
jects were instructed to look, without motdng the head, first 
at a lighted point to the right and then at a lighted point to 
the left, as these were alternately iUuminated. This vyas re- 
peated a number of times. AVTiile the change of fixation in- 
volves a voluntar)- act, the actual speed of movement of the 
eye, of which measurements were made, is considered to be 
involuntary. The results were similar to those of the nonper- 
formance tests already discussed. The men who had driven 
had a slower mean speed of eye movement than those who 
had not driven since a major sleep, but there was little dif- 
ference beru'een those who had driven a long rime and those 
who had nor been driving so long. 

Appreciation of the speed at which a flickering light ap- 
pears to fuse into a steady light* is involuntar}’' in one sense 
of the word, but the measurement depends upon the subject’s 
judgment. If a subject repeats the test several times in succes- 
sion he reproduces his original results verj' closely. This 
illustrates the fact that tests which are dependent upon a sub- 
jective response do not necessarily give variable readings. The 
results were consistent in all three cities, showing that the 
average rate of flicker at which fusion occurred was higher 
for the group of men who had not driven at all as compared 
to those who had driven one to 9.9 hours, and decreased to 
the lowest point in the case of those who had driven ten or 
more hours since sleep. 


The drk-mg test apparattis was designed to simulate the 
driving compartment of a motor vehicle. The subject was 
seated behind a steering wheel and instructed to keep the 
hood of a miniature automobile, operated by the steering 
gear, m the middle of a moving road scene, men a traffic 

’ The subject is shou-n a flickering fehc of feed intensiw oroduced hv 
rota^g a semted disk beween a Ught source and the owS 

n *e tOT the rate of rotanon is determined at \rhich the sensation of 

-dy- the™ el 
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to find marked changes in the chemical composition of the 
blood, a greatly increased white hlood cell count, and altera- 
tions in the blood pressure and heart rate. No great changes 
in these functions were found to be associated uith hours of 
driving in the men tested.* Those men who had driven the 
longest had almost exactly the same potassium and total base 
concentration in the blood serum, on the average, as the men 
who had not driven at all since sleeping. If marked changes 
had occurred in these factors, they would have indicated a 
fundamental disturbance in bodily function. 

The 'ivhite cell count is more sensitive to activity, par- 
ticularly phj-sical exercise. The men who had driven were 
found to have higher white cell counts, on the average, than 
those who had not driven. However, no fine gradations 
were found by hours of driving. In Chicago, where a definite 
attempt was made to select those men tvho had driven long 
hours and where the largest number of drivers was tested, the 
men who had driven ten hours or more had higher average 
white ceU counts than those who had driven less than ten 
hours, but this trend did not appear in the other two cities. 
The average white cell count of all drivers regardless of driv- 
ing experience or recent sleep (9948) exceeded that usually 
regarded as normal. 

Changes in heart rate and blood pressure are knowm to 
occur as a resuft of muscular exercise, emotional disturbances, 
and glandular activiries. ^Mth increasing hours of driving, the 
average heart rate was found to be sh’ghtly lower. The men 
who had driven had slightly higher mean systolic and dia- 
stolic blood pressures than men who had not driven. 

Performance Tests.— As was expected, the performance 
tests, being much more sensitive to variations in the state of 
the subject ar the time of the test, showed much vdder dif- 
ferences benveen groups of drivers in various conditions. 
There was no indication of any attempt on the part of the 
men to influence the results other than to put forth their best 
effort to make a good showting. Their cooperation, in fact, 
was excellent. EveV subject was treated in exactly the same 

•Detailed labiilaaons showing these data may be found in Public 
Health Bulletin No. 26S.^^ 
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made in the first five seconds, middle five seconds, last five 
seconds, and for the total fom'-five seconds mere recorded. 
The results are best interpreted tvhen expr^ed m ot 

work decrement. Subjects who had driven a 
well durins the first five seconds, were poorer in the midme 
five second, and became soil poorer in the last five seconds. 
On the other hand, rested subjects showed poorer perfom- 
ance on the middle five than on the first five seconds, but 
showed improvement during the last five seconds. 

The simple reaction time test measured the time required 
for a subject to press a button tvith his finger at a given signal. 
The reaction-coordination time test measured the time re- 
quired for the subject to move a pencil from one hole and 
place it in another hole: and the manual steadiness test meas- 
ured the abilin- of a subject to hold a metal sudus in a series 
of small holes in a brass plate without touching the sides of 
the holes. On each of these tests the average performance 
decreased tvith increasing hours of driviug. 

It therefore appears that if one defines fatigue as an altered 
ps}-choph}'siological pattern, the tt-pe and degree of fatigue 
produced by truck drivir^, up to quite long hours, were most 
strikingly revealed by changes in the relatively simple motor 
functions measured by these four tests. All four of these tests 
can be administered in a short time tvith easily portable 
apparatus. 

As some individuals performed better on some tests and 
u orse on others, it is very difficult to compare the gcTisruI 
status or fatigue pattern of individuals or groups of individ- 
uals in such cases. Therefore, a method was devised for 
assigning a single^ composite score to each driver^® which 
averaged his relative deviation on several tests from the aver- 
age scores of the rested group on the same tests. Compoate 
curves, niade possible by this method, showed that the drivers’ 
average tmctional efficiency decreased prosressivelv with in- 
cre^g hoi^ of driving, not only on the four t^ previ- 

ZLh K "I ^ functions that 

shov ed changes Avith hours of dritdng. In comparing individ- 
ual dnvers, it was found that by setting an arbi^- kveUf 
low tocnooal effidenc;-, o* 9 ^ 
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light beside the road changed from green to red, the subjca 
put his foot on the brake pedal as rapidly as possible. Several 
variations of the test were used, but in the one which showed 
the most consistent results, the percentage of the rime the 
subject kept his car on the road and the length of rime re- 
quired to put his foot on the brake when the light mnied 
red, were both recorded. 

It is apparent that this rest, which is designed to duplicate 
actual driving e.vperience so far as possible in the laborator}', 
is at a fairly high level of complexit)' and would therefore 
give rather variable results. Such w^as found to be the case. 
The two tasks of steering and braking competed for the at- 
tention of the subjects, some of whom were relatively effi- 
cient in steering but slow in reaction, while the reverse was 
true in others. Nevertheless, when scores were computed 
from the combination of steering efficiency and reacrion time, 
men who had not been driving since sleep had the best 
average score, men who had been driving from one to 9.9 
hours had a poorer average score, and men who had been 
driving ten or more hours since sleep were the poorest of all- 
in accuracy of ahiiing, the men who had driven were some- 
wffiat less efficient than those who had not driven since sleep, 
but the results were variable, and showed no consistent trends 
with hours of driving. The strength of grip, as tested by the 
dynamometer, was a trifle greater in men who had dnven 
than those who had not driven. 

The four functions which showed the closest relation with 
hours of driving were: speed of tapping, shnple reaction Unit, 
reaction-coordination time, and manual steadiness. On all four 
of these tests, the men who had not driven since sleep per- 
formed with the greatest average efficiency, the men who 
had driven one to 9.9 hours were less efficient, and the men 
who had driven ten hours or more were least efficient of all- 
The same was true of a fifth funcrion, static eqnilibriwn 
(body ssi-ay) which, however, was rested in only one cit}'. 

The speed of tapping test showed the most marked changes 
with hours of driving of any test used. The subject was told 
to tap alternately two metal plates as fast as he could uith a 
metal stylus for fony'-five seconds. The number of raps he 
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mde in the fcst five seconds, middle five seconds, last five 
seconds, and for the total fortr-five seconds were 
The results are best interpreted when expressed in ot 

work decrement. Subjects who had driven a long tune id 
well during the first five seconds, were poorer in the nudme 
five seconi, and became still poorer in the last five seconds. 
On the other hand, rested subjects showed poorer periorai- 
ance on the middle five than on the first five seconds, but 
showed improvement during the last five seconds. 

The simple reaction time test measured the time req^ed 
for a subject to press a button with his finger at a given signal. 
The reacrion-coordination time test measured the time re- 
quired for the subject to move a pencil from one hole and 
place it in another hole; and the manual steadiness test meas- 
ured the ability of a subject to hold a metal sn'lus in a series 
of small holes in a brass plate without touching the sides of 
the holes. On each of these tests the average performance 
decreased nith mcreasing hours of dri\-ing. 

It therefore appears that if one defines fatigue as an altered 
psi'chophysiological pattern, the t>-pe and degree of fatigue 
produced by truck dnving, up to quite long hours, were most 
strikingly revealed by changes in the relatively simple motor 
functions measured by these four tests. All four of these tests 
can be administered in a short time with easily portable 
apparatus. 

As some individu^ performed better on some tests and 
worse on others, it is very difficult to compare the general 
status or fatigue pattern of individuals or groups of individ- 
uals in such cases. Therefore, a method'’ was devised for 
assigning a single, cotiiposite score to each driveri® which 
averaged his relative deviation on several tests from the aver- 
age scores of the rested group on the same tests. Composite 
curves, made possible by this method, showed that the drivers’ 
average fimctional efficiency decreased progressively nith in- 
cre^g hot^ of drivmg. not only on the four tests previ- 
ously descnbed but on aU of the thirteen functioiJ that 
showed changes nnth hours of driving. In comparing indirid- 

by setting an arbitrarj- level of 
lov funcnonal efficiency, only 9 per cent of th^en in the 



1132 


ROBERT H. FLINTS* 


light beside the road changed from green to red, the subject 
put his foot on the brake pedal as rapidly as possible. Set eril 
variations of the test were used, but in the one which showed 
the most consistent results, the percentage of the tirne the 
subject kept his car on the road and the length of nine re- 
quired to put his foot on the brake when the light turned 
red, were both recorded. 

It is apparent that this test, which is designed to duplicate 
actual driving experience so far as possible in the laboratori’, 
is at a fairly high level of complexitj* and would therefore 
give rather variable results. Such was found to be the case. 
The rum tasks of steering and braking competed for the at- 
tention of the subjects, some of whom were relatively effi- 
cient in steering but slow in reaction, while the reverse was 
true in others. Nevertheless, when scores were computed 
from the combination of steering efficiency and reaction time, 
men who had not been driving since sleep had the best 
average score, men who had been driving from one to 9.9 
hours had a poorer average score, and men who had been 
driving ten or more hours since sleep were the poorest of all- 
in accuracy of a'nmig, the men who had driven were some- 
what less efficient than those who had not driven, since sleep, 
but the results were variable, and showed no consistent trends 
utith hours of driving. The strength of grip, as tested bj’’ the 
dynamometer, was a trifle greater in men who had dnven 
than those who had not driven. 

The four functions which showed the closest relation with 
hours of driving were: speed of tapping, simple reaction time, 
reaction-coordination time, and manual steadiness. On all four 
of these tests, the men who had not driven since sleep per- 
formed with the greatest average efficiency, the men who 
had driven one to 9.9 hours were less efficient, and the men 
who had driven ten hours or more were least efficient of all- 
The same was true of a fifth function, static equilibrium 
(body sway) which, however, was tested in only one cit}'- 
The speed of tapping test showed the most marked changes 
with hours of driving of any test used. The subject was told 
CO tap alternately two metal plates as fast as he could with a 
metal sn'lus for fony*-five seconds. The number of taps he 
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instance, however, one would expect the mp^ent of cer- 
tain functions primarily concerned with the occnpanon. 



Fis, 161.— A list of Ae functions tested clcssiSed bv Ae consistency of 
Ae chmces found ttiA hours of driving. The lengths of Ae burs mAcate 
Ae rekrice dinereace berweea Ae mecn scores of Ae men tcho bed driren 
and Aose tAo had not driven since major sleep. This graph is a general 
suraman- only, full details being presented m Public HedA Bulletin 265.^® 


causing a diminished capadn* for continuing that occupation 
until the worker is allowed a period of rest for recovers'. 


Individual Human Facior in Fafigue 

No critical point was fotmd in the hours of driving scale 
in which there was such a sudden change in functional 
eficieucy as to give an obvions figure for the limitation of 
hours of driving. Such a point could not be expected in view 
of known individual variation in all bioiogick phenomena. 
Hence there is a great variation in the individual’s abilin* to 
compensate for fatigue, in his resistance to deleterious' in- 
fluences, and in his recover}* state at the beginning of work. 
Short of exhaustion, it cannot be expected that'^there is a 
dividing line, on one side of which a person is whollv eficient 
and on the other side wholly ineSdent, taking bto considera- 
tion the compledn- of the fadgue pattenT for the whole 
organism, and its gradual alteration. This is true of groups of 
workers as weU as for the individual worker with die added 
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rested group fell below this level as compared vdth 27 per 
cent, 33 per cent, and 42 per cent of the men in the I to 7, 
8 to 11, and 12-r hours of driving groups, respectiveh'. It 
was found that the ph)^siciaa’s independent judgment of jp- 
parent fatigue and the driver’s oum estimate of fatigue cor- 
related well with the composite scores assigned the indiriduals 
in all dritring groups, thereby substantiating the validiw of 
this method. For various reasons, some drivers shoved eti- 
dence of farigue even in the presumably rested group, attrib- 
utable to outside mfluences largely. It was believed that the 
differences demonstrated between the driving groups and 
rested group would have been greater but for this factor. 

CoxcLUSiox.— After discussing these considerations, the 
authors concluded: WTiile many factors in the daily lives and 
background of the drivers may operate to reduce the effi- 
ciency, and, therefore, the safety of driving, long hours of drir- 
ing have been shown to be important in this respect. Further- 
more, hours of driving are controllable while many of the 
other factors are not readily controlled except by the drivers 
themselves. It would therefore appear that a reasonable linuta- 
rion of the hours of sendee would, at the vet)’’ least, reduce 
the number of drivers on the road vdth very low functional 
efficiency. This, it might reasonably be inferred, would act in 
the interest of highway safety. 

DISCUSSION 

It is apparent from the results of the foregoing study that 
a pattern of psychological and physiological changes was 
established indtearing impaired functional efficiency in rela- 
tively simple functions that are involved at a high level of 
complexit)^ in the act of driving. This impaired functioning 
of the driver was roughly proportional to the number of 
horns spent at the wheel since his last period of sleep. This 
pattern can be interpreted as the sjmdrome of truck driver’s 
farigue, so far as tested, as shown in Fig. 161. Doubtless many 
other functions are involved that are of importance in apprais- 
ing the behavior of the whole organism. In many other occu- 
panons the pattern of farigue would be different as in brick- 
laying, blast furnace rending, or fuse assembling. In each 
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instance, however, one would expect the imp^ent of cer- 
tain functions primarily concerned with the occupauon. 



Fig. 161.— A list of the fnccrioas tested classified bv die consistency of 
die cisnses found vith hocis of driving. The lengdis of die bars indicate 
the relative difierence between the mean scores of the men tvho had driven 
and diose who had not driven snce major sleep. This graph is a general 
summary only, foil details being presented in Pi^lic HeSdi Bulletin 265.^^ 


causing a diminished capacin* for continuing that occupation 
until the worker is allowed a period of rest for recoveiy. 


Individual Human Factor in Fatigue 

No critical po’mt was fotmd in the hours of driving scale 
in which there was such a sudden change in functional 
eficiency as to give an obvious figure for die limitation of 
hours of driving. Such a point cotild not be expected in view 
of known individual variation in all biologic^ phenomena. 
Hence there is a great variation in the individoal’s abilin- to 
compensate for fatigue, in his reastance to deleterious in- 
fluences. and in his recovery state at the beginnins of work. 
Short of exhaustion, it cannot be expected that'^there is a 
dividing line, on one side of which a person is whoUv efficient 
and on the other side wholly inefficient, taking bto considera- 
tion the complexin- of the fatigue pattern for the whole 
orga^. and its gradual alteration. This is true of groups of 
workers as well as for the individual worker witli die added 
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complexity of the variations in different jobs. Differences in 
attitude and motivation have been shown also to play a large 
part in maintaining efficiency.*^ 

Nevertheless, as functional efficiency decreases progres- 
sively with increasing hours of driving and in other work as 
well, it is apparent that a reasonable limitation of such hours 
would decrease the number of unfit workers and the possibil- 
ity of the ill effects due to excessive fatigue. The exact num- 
ber of hours of work must necessarily be an administrative 
decision in which the urgency of the task and need of im- 
mediate high production must be balanced against the risk of 
lowered production in the long run if the human machine is 
pushed too far. 

Lengfh of the Work Week in War 

In a vital emergency of short duration, a great increase in 
both hours and speed of work will increase production pro- 
portionally since most workers will be able to compensate to 
this situation for a time. In a prolonged war, hosvever, such 
a productive spurt would be wasteful in that as chronic 
fatigue is induced among the workers, there would be increas- 
ing illness and injuries, and decreasing quantity and qualiy of 
production. It would seem desirable, then, to bend every 
effort to determine the optivnnu hours of 'work for maximum 
and prolonged production in our national emergency. It ]S to 
be expected that this level would vary from one industry to 
another and that considerable study as v’^ell as trial and error 
will be necessar)'' to reach an efficient balance. 

British Experience.— The British experience devolving from 
researches into industrial fatigue and efficiency have been 
outlined in a recent publication by H. Al. Venion.-' He 
points out that the cardinal error committed by many em- 
ployers of labor during the last war was the imposition of 
excessive hours of work. Employees who had been v'orking 
from fort}^-eight to fifty-four hours a week were required to 
v'ork seventy, eighty, and even ninety hours a week in an 
effort to increase the production of war materials. A'^fith these 
excessive hours of work, investigations showed that because 
of increasing sickness, accidents, and spoilage of materials, 
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producrion suffered heavily. lUness was found to be the cause 
of twice as much lost erne among both men and womra who 
worked long hours as among those who worked relanvel} 


short hours. . . 

It must be borne in mind that there were variations m 

livins and working conditions between the English workers 
of 191 t- 1S, and American workers of the present time, in- 
cludios previous customer}* hours of work, resuictioiis of 
diet, and in the working environment. It is a matter of con- 
jecture, therefore, as to esaedy how far these findings apply 
to the present situation in America. 

Kossoris, in summarizing the British investigations-^® 
showed that men engaged in the heavi* manual labor of sizing 
fuse bodies increased their total weekly production 22 per 
cent when the weekly hours of work were decreased from 
66.7 to 56.6 (15 per cent), these results being obtained over 
a thirteen-month period. This was attributable to a 39 per 
cent increase in hourly output and a decrease in wasted time 
from S.5 hours per week to 5.3 hours. It was also shown in a 
ninew-three weeks' study of 100 experienced female opera- 
tors on capstan lathes, turning aluminum fuse bodies, that by 
reducing the weekly hours in the plant from 74.5 to 63.5 
there was no decrease in production, and that when the hours 
of work were further reduced to 55.3 there was a 13 per 
cent weekly increase in production. 

The possible improvement in output during a shorter work 
week was found to depend largely on the amotmt of control 


the workers had over the speed of production, the improve- 
ment being greatest when operations were entirely performed 
by hand, but improvements in production were found even in 
operations largely governed by the speed of the machines 
after reducing excessively long hours of work. 

As regards 7?:ost sraubJe maxlTmm hours of work witli 
^d to Bntish experience in the past and present war 
V emon suggests that hours for women be limited somewhere 
betn-een forn-^ight and fift>--four hours a week, and con- 
sderanon be given to holding to the fortv-eight-hour level =■ 
\oung girls of ^een and seventeen should not be required 
to work more than fort>--eight hours a week. For labor re 
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quiring a similar degree of physical effort, he states that men 
can undoubtedly work longer hours than women, and skilled 
men such as tool makers and tool setters, whose work is com- 
paratively light physically, can work sixty hours a week 
wnthout undue fatigue, and probably rather more. For heaiy 
physical work, however, he suggests the work week be 
limited to forty-eight hours. 

It should be remembered that in many recendy e.xpanded 
defense areas it takes our workers an hour or more each way 
to go to and from work, thus effectively adding as much as 
fourteen hours to their work week. In some instances, this 
time required for commuting may be as deleterious to the 
worker’s efficiency as additional hours on the job. 

Rest Pauses.— 'Vernon also reports that the instirating of 
short rest pauses during the nuddle of the morning and after- 
noon work periods had a tendency to increase production 
despite the actual time lost. In one investigation there was a 
6.2 per cent increase in production from a seven- to ten-min- 
ute pause in the work during the morning. The beneficial 
effects of these rest pauses seemed enhanced by semng light 
refreshments. This practice is particularly valuable in mo- 
notonous, repetitive work. These findings w'ere also con- 
firmed in a five years’ study in the I^'estem Electric Com- 
pany’s plant at Hawthorne.^®’ “ Hamilton has discussed the 
value of rest pauses and other factors in producing a good 
attitude among the w'orkers and in preventing fatigue.® 

Importance of Nufrition 

Adequate nutrition is of particular importance in prevent- 
ing excessive fatigue and in maintaining the v-orkers’ health. 
SebreU®^ points out that as more and more clinical studies 
are being conducted, we are learning that deficient diets— 
short of producing the symptoms of a fuU-blown deficiency 
disease— may be responsible for such symptoms as mental 
depression, indigestion, easy fatigue, loss of weight, retarded 
leamino- ability, and interference vfrh vision. He quotes the 
recommendations proposed by the Committee on Food and 
Nutrition of the National Research Council showing that 
much more food, including vitamins, is needed by active men 
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and women than by inactive persons, and states that a*: 

Nve have thousands of workers under greater 
iD- than they have had for years, with no organized effort to 
improve their food supply. Many have also moved mto new 
sections not prepared either to feed or to house them prop- 
erly, in many instances cau^g their numave status to be- 
come worse. . , 

Obviouslv, industrial medical services as well as plant 

officials should utilize everj- possibility' to see that the workers 
know the fundamentals of an adequate diet, and that inexpen- 
sive well-balanced meals are available at the plant cafeteria. 
Likewise, a progressive progra?;: of mitritional education 
should be an integral part of every health department’s ac- 
tivities. 


Proper Handling of Personnel 

Finally, a well rounded out personnel policy providing for 
the social and economic welfare of the workers pays large 
dividends. Ivy'- has remarked in speaking of moderate work 
that many things have been found to impair and to improve 
productivity in factories, and that it appears as if most any- 
thing the management does, which attracts the interest of the 
workers or indicates interest in their welfare, improves pro- 
ductirity. It has been repeatedly demonstrated that a favor- 
able attitude of the worker toward his job and the employer 
helps to prevent fatigue and increase production. 


RECOMMENDATIONS 

Taking into consideration all the information available on 
fatigue and its prevention. Surgeon General Thomas Parran 
of the United States Public Health Service recently made the 
following statement on the Workers’ Health and the Twen- 
ty-four-hour Schedule; 


As m Ac fim W orld War American indnstrv is faced -with the prob- 
1cm of T-honr-day, /^iay-tteek operation. Fatisne is a health hazard and 
a h^rd CO contmuous production. The addition' of second and third shifts 
to pknt schedules necessitates the establishment of the rotatincr shift. 

To maincnn irorkers’ health and therebv peak prodncno“n industries 
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"I. Workers changing over from day to night shift every 2 or 3 vseks 
find it difficult to adjust their eating and sleeping habits. In plants 
operating on a 24-hour schedule, shifts should not be rotated more 
often tlian every 2 or 3 months. 

“2. Each nursing shift should rotate ar the same time as the workers’ 
shift, so that the same nurses will always be acquainted svith the 
•workers they are treating. 

“3. 'Vk^omen with home responsibilities often try to do their housework 
during the day w'hile ■working on night shifts. Chronic fatigue in 
short order is die result. In general, women workers who also have 
domestic duties should not be employed on the night shift. 

“4. A 60-hour w»eek— on a 10-hour day, 6-day week basis— may become 
necessar}'. Excessive increases in working hours lead to reduced 
efficiency during working hours, absenteeism and sickness. A 48- 
hour week— on an S-hour dzy, 6-day week basis— is preferable. In- 
dividual W'orkers should have one day in every' 7 days reserved for 
rest and recreation; this does not preclude continuous operation of 
the factory'. 

“5. Organized rest periods help mainmin production at a high level. 
Five to fifteen-minute rest periods should be provided at the end 
of the first quarter, and again at the three-quaner mark of each 
shift. This is especially' important in repetitive monotonous work or 
hea-vy' manual labor. Alilk, soft drinks, sandwiches and candy should 
be available during the rest periods. 

“6. A particularly' high standard of lighting is necessary in _ plants 
operating at night or under blackout conditions. Proper lighting re- 
duces fatigue, improves morale, and prevents accidents due to poor 
fight or glare. 

“This six-point program should be based on the broader industnal 
hygiene service advocated by' the United States Public Health Service 
which includes: 

“Medical and nursing services available to workers on each shift; good 
plant housekeeping; adequate sanitary' facilities; adequate ventilation; 
control of exposures to hazardous operations or to noxious dust, fumes 
and. gases; proper placement of -workers in jobs for which they are 
phvsically’ and temperamentally suited; reduction of excessive noise fa 
■w^-known fatigue producer); health and safety' education programs, 
such as teaclung proper posture on the job, sanitation, nutrition, and 
mental hygiene; paid vacations of at least one or two weeks a y'ear. 

Role of Indusfrial and Family Physicians 

The medical profession play's a most important role in 
increasing M'ar production by' maintaining and improving the 
u'orkers’^ealtli. The indtistrial physician through his daily 
contacts -ndth workers, his frequent inspections of the plant 
and observation of workers at their job, his study and analysis 
of sickness and accident data, and his general knowledge of 
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the workers’ problems is in a strategic position to detect and 
help control unfavorable conditions in the plant that are 
causing undue fatigue, as well as other det^ental factors in 
the working environment. In his capacitj’’ as the plants 
health officer he is able to help coordinate the actitaties of 
the medical department, the safety department, the welfare 
division, plant officials, private physicians, and local health 
departments in bettering the health and efficiency of the 
workers. He should supemse and educate the workers on 
nutritional problems. As inadequate food intake is an im- 
porant cause of fatigue and illness, especial care must be 
taken to insure an adequate supply of food to these workers. 
It is Htal for men at heas^'' manual labor to receive an ade- 
quate supply of carbohydrates and fats, even if it becomes 
necessarj' to. place restrictions on the general population. 

F/uw/y physicians caring for industrial workers should be 
increasingly alert to detect illness or other harmful effects of 
the patient’s occupation on his health, and consult tvith the 
plant physician or officials regarding the prevention of such 
illness. Most of the highly industrialized states now have 
official industrial hygiene units to give technical and advisor)' 
sendees on industrial health problems. 
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PREVENTION OF ILL HEALTH IN INDUSTRY 

JOHN H. FOULGER, M.D., Ph.D., FA.C.P.* 

ILL HEALTH DUE TO EXPOSURE TO HARMFUL 
CHEMICALS 

CoxTisxJO'Us, efficient, productive employment of ^ erj 
tvorker in the United States, and especially of those in war 
industries, calls for a practical plan of preventive medicine, 
which can be applied to all situations in which workers may 
be exposed to harmful chemicals. 

TT'e must not forget the lessons of World War I. In allied 
as well as enemy countries of Europe, ignorance of the phys- 
iological action of many of the then limited number of syn- 
thetic chemicals needed in war materiel, caused ill health on 
a scale which gready hampered production. Since 1916, the 
United States has become a leader in chemical industr>'. The 
use of organic chemicals has been extended until practically 
no war manufacture can completely dispense with materials 
capable, if carelessly used, of injuring health. The rush of 
mass wartime output, at a time when the armed forces need 
lai^e numbers of young physicians, leaves too few men trained 
in industrial medicine. It grants too little time to train men 
and too litde time, also, in which to collect, by the usual 
rather slow methods of research, detailed information on the 
many potentially harmful substances to which thousands of 
new workers may be exposed. This simation calls for a simple 
presentation of fundamental facts which can be used at once 
in a medical program of health conservation. 

Premises Upon Which Work Must Be Based.-ln present- 
ing such facts, two major premises must be remembered. 
First, the dutj' of medicine in industry is to prevent ill health 
not merely to diagnose injury- already produced. Second any 
chemical, however potentially harmful, can be made and’used 

• HaskeU Ubomow of Industrial To.^colog}-, 
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adequate human data have been collected; 'Diese ^ 
ferent lines of attack lead to the same quahtanve and quanti- 
tative results. 


Initial Reactions of Organisms to Chemicals 

The initial reactions of living, intact, human and animal 
organisms to foreign chemicals which, when introduced into 
the body, may have a s>*stemic (as opposed to a pureh local) 
action, are the same no matter what the structure or physical 
properties of the chemical. They are the same no matter 
what the route of absorption of the material. Since it is very 
difficult to control absorption of foreign substances through 
the skin, the quantitative studies in our research have been 
made by inhalation experiments, ^\^len the tissues are pre- 
sented with sufficient concentrations of foreign chemicals 
to cause a minimal reaction, that reaction is one of stwmJa- 
tion. This leads, among other changes, to an increase in the 
tonus of blood vessel musculature, and to a similar trend in 
the activitj* of those portions of the heart structure which 
produce heart sounds. (We deliberately refrain from speak- 
ing of “tonus” of heart muscle, since physiologists, in general, 
hold that there is no proof of the existence of such a condi- 
tion. However, our study of heart sounds certainly indicates 
that cardiac muscle has properties analogous to that which, in 
other muscles, is included in the term, “tonus.”) This stimula- 
tion can be demonstrated as a trend of blood pressure, and 
especially diastolic pressure, toward or beyond the limits of 
normal range, or as a change in the pitch of heart sounds or in 
the “damping” of these sounds. At the same rime, there may 
appear a limited group of sx'mptoms, which includes; 


Increased fatigue (almost universal) 

Headache 

GaOTo-emeric abnonn2litj- (nausea, loss of apperire, a feeline of 
lulness in tiie siomach, pain in the epigastrium, etc ) 

Dizziness ^ " 

Precordial pain 


Incre^e m the concentranon of foreign chemical in the 
^es chanp ^ulaaon to depression. The tonus of blood 
sessel muscles decreases, mth a consequent faU in diastohc 



1146 


JOHN H. rOOXGER 


■''■ith minimal hazard to health if care, proper information, 
and ordmarj'' common sense are available. Conversely, the 
absence of care, proper mformation and common sense may 
lead to ill health in the use even of relatively harmless sub- 
stances. 

A program of preventive medicine cannot be based on 
branches of medical science used in diagnosing disease. It 
must rest upon physiology, -which defines die usual (i.e., the 
“normal”), and allows detection of the least departure from 
that usual. The program cannot be based upon data wliich 
describes either lethal or highl}' injurious dosage as deter- 
mined in e.vperimental animals. It must rely upon facts which 
are so general that they apply to at least a majorit)’ of chem- 
icals now in use or which may come into nse. These facts 
cannot be deduced from chemical structure or phi'sical 
properties of materials, new or old, for no general formula 
exists which makes such deducrion possible. 

Several years' study of this aspect of industrial medicine 
shows that a general preventive medical program can be set 
up if one considers, not the individual nature of many chemi- 
cals, but radier the first reactioiis of all living tissue to foreign 
materials. Of these first reactions, only those can be used in 
that program -which can be measured with simple apparatus 
in minimal time. Reacdons which caimot be simply defined or 
measured, and -which, therefore, become matters of opinion, 
are of litde direct value. 

Methods of Study.— Two general methods of research have 
been used in this stud}". The first, measurement of blood pres- 
sures, has been described in a recent paper by Foulger and 
Fleming.^ The second, as yet unpubhshed, -v^as devised be- 
cause of interesting blood pressure changes found in early 
exposure to chemicals. It is based on measurements of changes 
in pitch or in the "‘damping''’ of heart sounds. As inirially 
developed on experimental animals, it required rather compli- 
cated audio-frequenc}' analysers and sound recording appar- 
atus. Recentl}', it has been found possible to make these sound 
measurements -^rith relarivel}" simple, standard equipment, 
•u'hich could be available in any industrial medical unit. The 
details of this new procedure will be published as soon as 
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work it is foimd that the ratio of the number of abnormal 
blood pressure scores to the expected number gives a figure 
■nhich is directly related to the concentranon of the rose 
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Fig. 16t.— Xoniogrcph for cclcnlrtioa of dkstoFc pressure and pulse 
pressure score. Reed diesrolic bltiod pressure doug hoiizontd line inarked 
''X>BP“ end pulse pressure eloug veracsJ line merl:'^ “P P.” From dkstolic 
blood presure reeding, rruce Temcaliy to meet hotizontui dre\m from 
pulse bteisectiou. Reed score ut right head edge of drde. under For 
gteuter accurecy. esmnrre relruve cistmee from trro quadrants bersreca 
srhiefa inteisecnou ot pulse pressure and diastolic blood pressure readings 

ErOTgle; Blood pressure reaoLug. JZ9/S2. Puke pressure, 47. Inteisec- 
cou of diastolic blood pressure. S2, and pulse pressure reading. 47. L'es 
between quadrants inarked 055 and 050, someishat neater to quadrant OES 
ocoie to nearest cegree ot accaraev, 0JS7. 

macmal in the atmosphere inhaled bv the animals. In clinical 

m ^ of observed to expected abnor- 

mj blood pressure scores is a valuable index of the stams of 
inomduak or groups. 



1148 


JOHN H. FOULGER 


pressure (or both diastolic and systolic pressure) to'ward or 
below normal limits. At the same time there is further change 
in the pitch and “damping” of heart sounds. At this stage, the 
symptom group becomes more obvious and frequent, espe- 
cially fatigue and gastro-enteric abnormality. There may also 
be a tendenc}’' to circulatory collapse when changing posture. 

Blood Pressure Scoring System 

At the moment, the best means of detecting and following 
these early results of exposure to chemicals is the frequent 
measurement of sj'^stolic and diastolic blood pressure, by 
standard methods, and the conversion of the blood pressure 
readings into a “score,” which indicates the trend away from 
or torvard normal limits. The method of scoring outlined in 
the paper cited* above is based upon the difference between 
recorded pulse pressures and diastolic blood pressures and 
respective established mean values. The further these pressure 
components deviate from the means, the lower is the “score.” 
This score is expressed in decimal fractions, m'th a maximum 
value of 1.0 w'hen both pulse pressure and diastolic pressure 
lie simultaneously at the established means. The trend of 
value of the scores is a useful index of the trend of effect of 
exposure. Scores between 0.1 and 0.2 are considered as of 
doubtful normality, and scores of 0.1 or less are definitely 
abnormal. The frequency of occurrence of defim'tely abnor- 
mal scores is compared wa'th the e.xpected frequency in a 
normal population of the same size, using the mathematics of 
random sampling and taking, as a yardstick, an expected 6 per 
cent abnormal scores occurring by chance alone in a ver>’ 
large population of normal persons. 

A simple graph (Fig. 162) makes it easy to calculate the 
blood pressure score from pulse pressure and diastoh'c blood 
pressure. Table I is used in comparison of the obsen^ed num- 
ber of abnormal scores in a group of examinations with the 
number expected by chance alone in a normal group of the 
same size. This chart gives to the nearest w'hole number, the 
maximum number of examinations wdth scores of 0.1 or less 
w'hich w'ould be expected to occur by chance alone, in groups 
of one to 600 examinations of normal workers. In animal 
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pres- 
when 
by a 
blood 

pressure score. This is not a drawback, for no preventive 
medical program will be effective in the absence of proper 
medical selection of workers according to the nature of their 
future work. (2) Many people are not accustomed to thor- 
ough medical examination, and their first such experience 
appears to them almost as a personal affront. The sudden, unex- 
plained introduction of a routine medical examination pro- 
gram, even if it only requires readings of blood pressure, can 
cause apprehension. Quite a number of workers may show 
a purely psychic reaction with a rise in systolic blood pres- 
sure, ndthout a corresponding change in diastolic pressure. 
The resulting high pulse pressure often gives an abnormal 
blood pressure score. This psychic reaction is well known 
and, indeed, is suggested by Armstrong- as a means of detect- 
ing personalities unsuited for militarj' aviation. In industrial 
practice, this reaction on first examination should not be con- 
sidered abnormal, unless the worker is to make or use chem- 
icals which cause psj'chic abnormalit)’-, or unless his future 
work requires a highly stable personality of the type needed 
m militaiy aviation. But the recurrence, during a program of 
frequent examinations, of a pulse pressure high enough to 
give an abnormal blood pressure score, when not accom- 
panied by abnormal diastolic pressure, indicates unusual insta- 
bility and its source should be sought. 

Stages of Change in Blood Tressiire.~\N\ie-a blood pressure 
scores or changes in heart sounds are followed carefully in 
anunals or workers continuously exposed to low concentra- 
tions of chemicals, the trend of events can be described as 
five, fairly distinct stages. These are: 


First, nvo points must be emphasized. (1) The blood 
sure scoring method reaches its greatest value _o^y 
workers under study have been selected for their jo s 




Stage !: nui^al concentrauoii of a harmful chemical, adequate to 

the imoal ^ulanon, can be .^-ithstood for a varjdng period 
of ^e xeithout the appearance of sj-mptoms or of sigi^cant ueu^ 
m Wood pressure score or m the frequency or “daiSg- of he^ 

Stage 2: If this low grade exposure b continued, there will come sooner 
r later, a pomt at which there b a perceptible difference between 
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TABLE I 


JfAxnrrrM >suhbeb or ABXoRitAi. Exaitdcatioxs Expected by Ce.\xce Aions 
IX Exajuxahon- Gsocps beitoex 1 ax’d 600 ExAiiiXAnoxs 


Total 

Exams. 

1 ° 

5 


i 

5 


0 

5 

Max. .Ab. 
Expected 

E.xams. 

Ma.x. Ab. 
Expected 

- loial 
Exams. 

Ma.x. .Ab. 
Expected 

1 

1 

1 

200 

19 

19 

400 

33 

34 

10 

2 

3 

10 

19 

20 

10 

34 

31 

20 

3 

4 

20 

20 

21 

20 

35 

35 

30 

4 

3 

30 

21 

21 

30 

36 

38 

40 

5 

6 

40 

22 

22 

40 

56 

37 

50 

6 

7 

50 

22 

23 

50 

57 

37 

60 

7 

s 

60 

23 

01 

60 , 

3S 

3S 

70 j 

s 

9 

70 

21 

24 

70 

1 3S 

59 

SO 

9 

9 

SO 

25 

25 

SO 

' 39 

59 

90 

10 

10 

90 

25 

26 

90 

40 

40 

100 

' 11 

11 

' 300 

26 

26 

500 

40 

41 

10 

12 

12 

10 

27 

27 

10 

41 

42 

20 

12 

13 

20 

2S 

2S 

20 

42 

42 

30 

13 

14 

30 

2S 

29 

30 

43 

43 

40 

14 

14 

40 

29 

29 

40 

43 

44 

50 

15 

15 

50 

30 

30 

50 

41 

44 

60 

16 

16 

60 

30 

31 

60 

45 

45 

70 

16 

17 

70 

31 

32 

70 

45 

46 

SO 

17 

17 

SO 

32 

32 

SO 

46 

46 

90 

IS 

IS 

90 

33 

33 

90 

47 

47 







600 ! 

1 

47 



To obtain plant or group score: 

Count (A) Total number of examinations; 

(B) Number of examinations with Pulse Pressure-Biastolic Pressure 
Score O.IO or less; 

Dhide (B) by ralue of Alax, Ab, Expected, given in table. 

Score above 1.00 indicates too many abnormal examinations. 


This method of study has proved successful in deciding 
the condition of workers wherever chemical e.vposure is 
expected, and in follovdng both the trend of results of that 
exposure and the effect of changes in physical means of pro- 
tection such as veanlaaon. 

Disclosures of the Blood Pressure Scoring System.— 
Since the method of use of the blood pressure scoring s}'stem 
has already been described in an easily available publication, 
the present paper will be confined to important general facts 
disclosed bv usins that scheme in studying many thousands of 
examination reco'rds of v'orkers handling a wide variety of 
chemicals. 
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First. two points must be emphasized. (1) The blood pres- 
sure scoiine method reaches its ^eat^ valu^e oiJ} ij^hen 
workers under study have been selected for their jobs b> a 
pre-einployynent exaDiw-ition which deman^ a normal blood 
pressure score. This is not a drau'back, for no prevenave 
medical promram will be effective m the absence of proper 
medical selecdon of workers according to the nature of tbeir 
future work. (2) .llanv people are nor accustomed to Sor- 
oush medical examination, and their first such experience 
appears to them almost as a personal affront. The sudden, unex- 
plained introduction of a routine medical examination pro- 
gram. even if it only requires readings of blood pressure, can 
cause apprehension. Quite a number of workers may shoii 
a purely psychic Teaction A\-ith a rise in s\-stolic blood pres- 
sure, without a corresponding change in diastolic pressure. 
The resulting high pulse pressure often gives an abnormal 
blood pressure score. This psx'chic reaction is well known 
and. indeed, is suggested by Armstrong^ as a means of detect- 
ing personalities unsuited for militaix' aviation. In industrial 
practice, this reaction on first examination should not be con- 
sidered abnormal, unless the worker is to make or use chem- 
icals which cause psi'chic abnormalit\', or unless his future 
work requires a highly stable personalin" of the u-pe needed 
in militar\' aviation. But the Tecunence, during a program of 
frequent examinations, of a pulse pressure high enough to 
give an abnormal blood pressure score, when not accom- 
panied by abnormal diastohc pressure, indicates unusual insta- 
bilitA' and its source should be soughn 

Stages of Change in Blood Pressure.— When blood pressure 
scores or changes in heart sounds are followed carefully in 
animals or workers condnuousiy exposed to low concentra- 
tions of chemicals, the trend of events can be described as 
five, fairly distinct stages. These are; 

Srjse I: TTie minima] concentration of a harmful chemical, adequ-te to 
cause the initial stimulation, can be ttithstood for a varvins r«riod 
ot ^e vathout the appearance of s)-mptoms or of significaiit ^ds 
m W^od pressure score or in the frequencj- or “daniping-’ of heart 

grade ^o^ is concinned, there tviU come, sooner 
or later, a pomt at tvhich there is a perceptible digerence bencee^ 
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the normah’ty of blood pressure scores at the beginning of the week 
of work and those at the end of the week. But a weekend of proper 
rest will allow complete return to normal. 

Stage 3: After stage 2 comes a period during which there is a percep- 
tible difference between morning and afternoon blood pressure scores 
on each work day. However, at this stage, proper rest overnight is 
sufficient to restore normal morning levels. 

Stage 4: Next comes a stage at which, between the end of one day’s 
work and the beginning of the next, there is inadequate time for 
return to normal blood pressure status. 

Stage S: Finally, a condition is reached in which even a weekend of 
proper rest away from exposure is inadequate to restore normality. 


Of course, only very frequent medical examination will 
detect each of these progressing stages in workers, but 
properly timed additional examinations ndll easily show the 
stage at which a particular abnormal inditndual has arrived. 

Length and Intensity of Exposures to Chemicals.— If, at any 
point beyond stage 1, the worker is exposed, even for a short 
rime, to higher concentrauons of a harmful chemical, there 
may be a rapid deterioration in his condition. In fact, he may 
respond in a manner out of all proportion to the actual m- 
tensity of the “acute” exposure. His response may be more 
drastic even than that of a hitherto unexposed individual 
suddenly subjectd to a very much higher concentration of 
the chemical. This mode of response is possibly the basis of 
the so-called “idiosyncrasy” of workers. It vdll be discussed 
more fully later. 

It seems quite possible, from our studies, that serious 
organic injury from harmful chemicals occurs more often 
as the result of an acute exposure of relatively short duration, 
superimposed upon the accinmdated effects of a prolonged, 
low grade e.xpostire, than it does from individual, well iso- 
lated, acute incidents without the background of chronicity. 
This possibilit}^ among others, should warn against too great 
reliance upon so-called “safe limits” of atmospheric concen- 
tration of harmful chemicals, except as a crude index against 
which to measure the efficiency of ventilating equipment. It 
should also emphasize the importance of cleanliness to prevent 
development of the chronic state by skin absorption, which 
may remain unnoticed until an atmospheric condition, sud- 
denly superimposed, leads to drastic effects. 
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Even when a worker has reached stage 5, no organic mju^ 
need be present. If stage 5 is aUowed to continue, clinically 
detectable poisoning YdU occur. But the prompt recogution 
of stages 2 to 5, and the improving of working conations, 
the worker’s manner of doing his job, his personal habits, or 
(if these remedies are not possible) a week or so or rest, can 
restore to absolute normality. 

The anomalous situation seems to exist that a prolongation 
of the stimulation stage of exposure is, in chronic exposure, 
of more importance than progression to the depresrfon stage, 
provided that this latter does not go as far as circulatoty 
collapse. The stimulation stage is characterized by increase in 
diastolic blood pressure up to and beyond normal limits. 
Values between 90 and 110 mm. (sitting) may be observed. 

If these levels are maintained too long, they may become 
fixed and, ultimately, high systolic pressure also vill develop, 
and lead to either permanent hypertension or myocardial 
damage. 

MaTiagement of the Worker Who Has Reached a State of 
Depression.—Tht state of depression with low muscle tonus 
and low diastolic, sj'stolic or pulse pressures (or all three 
simultaneously) can often be r^ored to normal in a few 
hours by the use of oxj'gen and complete rest. If this state 
exists for some time before attempts are made to remedy it, 
several days or three or four weeks of rest or a change of 
occupation may be needed to restore the normal. It is not 
sufficient merely to change the occupation to one uith no 
exposure to chemicals. The new occupation must also be 
physically less severe than that in which the worker has 
acquired his abnormality. If this change of occupation or 
r^ are not adequate, and the worker is returned to his pre- 
nous job before his normal level is restored, the state of 
depression may involve great sensitinty to even low concen- 
trations of a harmful chemical. 

CONTRIBUTING CAUSES TO ILL HEALTH 

• i f imponant to remember that the trends in the 
r^onse to exposure to chemicals are not 
specific. They may be produced by any conditions which 
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interfere ttath normal chemical metabolic processes of tissues. 

Thus they ma)' result from: 

1. Improper nutrition (improper as to quantity, qualiy% timing, and 

especially vitamin content). 

2. Improper medication (unnecessarj’ or badly controlled use of the 

“sulfa” drugs). 

3. Self-medication (the use of “pick-me-ups” containing aniline deriva- 

tives) . 

4. Unnecessary exposure to abnormal levels of temperature and hu- 

midity'. 

5. Utmecessary exertion, leading to fatigue. 

6. Disease (which is, in essence, chemit^ poisoning). 

7. Deprivation of oxygen (result of sudden transfer to great altitudes, 

or prolonged work in ill ventilated enclosures). 

8. Any combination of one or more of the above, plus exposure to 

harmful chemicals. 

The blood pressure scoring s}’'Stem and the stages of devel- 
opment of abnormal scores apply as well to these different 
conditions as to uncomplicated exposure to harmful chem- 
icals. The superimposiuon of any one or more of this group 
upon workers during any of the £ve stages uill result in a 
reaction -which corresponds to intense exposure to a chemical, 
and may even lead to acute circulatory collapse. Conversely, 
exposure to chemicals, even of low intensity, may cause seri- 
ous results if an)’- of these conditions is present. 

These seven factors may act quite independently of the 
worker’s occupation. They are, very decidedly, situations 
over which he should have control, or might control, if he 
were properly advised. Their importance in any program of 
preventive medicine in industry warrants more complete dis- 
cussion. 

Nufrifion 

The problem of nutrition is receiving national attendon, 
mainly because of the unexpected results of Selective Service 
medical e.xaminarions. It is certain that many people have not 
received properly balanced diets. In spite of statements to the 
contraty, it is probable that a seasonal deficiency, at least, of 
important vitamins is rather widespread. Our ovra studies of 
animals and human beings show that e.xposure to chemicals 
can interfere v'ith the ordinaiy vitamin metabolism and that 
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those exposed to harmful substances can be protected to a 
considerable degree, against the early stap of action of jich 
substances by a maximal daily intake of -vitaimns C and i 
especiallv. It is interesting to note that the group of s>Tnp- 
toms listed as accompanj-ing the early acuon of fpp 
chemicals are substantially the same as those found m climcal 
C and Bi deficiency. Moreover, the lowered muscle tonus 
found in the “depression” reaction to chemicals is also present 
in C and Bi deficiency. 

The Use of Siipplementery Concentrated Vitamin Prepara- 
tiojis.—bi some quaners, there appears to be opposition to 
the idea of amplifying the diet by giving concentrated 
vitamin preparations. In theory, this may be correct. In 
practice, a very intensive educational program would be 
required to remedy the dietaiy situation, and even if such a 
program were undertaken, regional habits as well as personal 
fads and fancies would act against complete success. It is 
important to realize that the diet must be adequate, not 
merely as to content, but also as to distribution during the 
day. The total daily intake may be ample, but if it is confined 
to one large meal, it may leave a rather long period during 
which the stomach is relatively ernpn*. Experience with ex- 
posure to T.N.T., in England, during M'orld M'ar I, showed 
that improper distribution of meals could be a source of 
increased disabilit}' from chemical poisoning. 

In many new war plants, the control of dietan,' habits is 
difficult. The size and layout of the plant make it useless to 
expect the men to go to a central cafeteria for lunch. It is, 
therefore, difficult to assure both adequacy of food intake and 
cleanliness of eating conditions. In such circumstances, re- 
membering the results of inadequate diet in the last war,’ and 
taking mto account such other evidence as has been coUected 
on dietan- deficiency and suscepdbilin- to chemical poison- 
mg. we feel It reasonable and proper to supplement workers’ 
diets by daily concentrated vitamin preparations, containing 

“n,pone„B of 
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Medication 

The drugs of the “s7ilfa” series are proving extremely valu- 
able when properly employed. It does not detract from their 
value to point out that these drugs are far too widely and 
too carelessly used in clinical conditions for which they are 
not really necessary. Many frank cases of serious poisoning 
have occurred from them, but it is not sufficiently emphasized 
that even single therapeutic doses can produce marked and 
dangerous physiological effects. The foUoving quotation 
from editorial correspondence in the Journal of Aviation 
Medicine^ is significant; 

“The use of sulfanilamide in the treatment of disease has increased our 
care of flyer problems. The British have found that a single dose reduces 
a pilot’s ceiling about 5,000 feet. We have had one death just after fljing, 
from it, and one collapse. It is easily obtainable by anyone and, in fact, 
civilian doctors prescribe it svithout a thought of danger in relation to 
fljdng.’’ 

If a pilot flies above his “ceiling” (12,000 to 14,000 feet) 
without using oxyi'cn) he passes rapidly through all the early 
stages of action of toxic chemicals to a state of circulatory 
collapse. Mffien treated vdth sulfanilamide and similar drugs, 
he has progressed w’ell tow’ard stages 4 and 5 even before 
flying, and a sudden decrease in the oxy^gen supply may prove 
disastrous. In industrial medicine, the early action of a toxic 
chemical may closely simulate oxj’gen deficiency and may 
lead to the same results as are experienced in aviation. 

The physiological effects of the “sulfa” drugs are rather 
lasting. We have record of at least one case in which a 
worker, having reached a stage of circulatorj’’ collapse, failed 
to recover, with rest, in the normal period of two to six 
hours. He was under treatment tvith a “sulfa” drug, merely 
because he showed an une.xplained temperature. Actually, 
three w’eeks of rest were needed before a normal circulator}’ 
level w’as restored. 

In a less serious degree, the same situation applies to anti- 
luetic treatment axkh organic arsenicah. Indeed, we wonder 
whether a luetic under acdve treatment is not in greater 
hazard when e.xposed to harmful chemicals, than a luetic not 
so treated. This problem is important if there is industrial 
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eEposore to substances (such as chlomated hydrocarbons or 
aromatic nitro compounds) which injure the hver. 

SeK-medicafion 

The use of patented drug nnxmres as treatment for 
headaches, and so on. is widespread. Some contam anilme 
derivatives, w'hich are physiologically quite active. Such self- 
treatment can produce all the early stages of chemical ex- 
posure and render a worker more sensitive to materials w hich 
he may handle in industr>*. 

There is no need to point out that excessive mduigence in 
alcohol can be conridered here as self-medication. 


Erfremes of Temperafure and Humidify 

Unusual levels (high or low) of temperature, and high 
humidity with high temperature, do not usually afFect well- 
nourished, normal persons. Studies over four years show* that 
workers, in the early stages of action of harmful chemicals, 
react to high temperature by rapid circulator)’’ deterioration. 
In fact, a definite seasonal trend in abnormality of a group 
of workers, studied by the blood pressure scoring s)'stem, is 
almost certain proof of a mass exposure to a harmful material. 

This effect is distinct from the well known action of high 
temperature and humidity, which results from loss of salt and 
unusual fluid distribution. This condition can be controlled 
easily by increasing salt and fluid intake, plus the daily addi- 
tion of 100 mg. of vitamin C to the diet. This latter is helpful 
because excessive perspiration leads to loss of vitamin C 
through the skin. 

Umecessary exertion during extremes of temperature (for 
instance, struggling through snowdrifts on the way to work, 
or too much physical activity during summer weekends) 
Irads to fatigue of such a degree that, on return to work on 
Monday, a worker may not merely show a distinctly ab- 
normd blood pressure score, but may also appear unusuallv 
sensmve to toxic chemicals used in Ids job. 

Unnecessary Fafigue 


Overexereise during the hours away from work may have 
a great influence on the trend of resistance to chemicals. 
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Medicafion 

The drugs of the series are proving extremely valu- 

able when properly emploj'ed. It does not detract from their 
value to point out that these drugs are far too widely and 
too carelessly used in clinical conditions for which they are 
not really necessar}*. Many frank cases of serious poisoning 
have occurred from them, but it is not sufEciendy emphasized 
that even single therapeudc doses can produce marked and 
dangerous phj^siological effects. The following quotation 
from editorial correspondence in the Journal of Aviation 
Medicine^ is significant: 

“The use of sulfanilanude in the treatment of disease has increased onr 
care of Syer problems. The British have found that a sinale dose reduces 
a pilot’s ceiling about 5,000 feet. We have had one death just after Ating. 
from it, and one collapse. It is easily obtainable bj- anyone and, in fact, 
civilian doctors prescribe it without a thought of danger in relation to 
fl^dng.” 

If a pilot flies above his “ceiling” (12,000 to 14,000 feet) 
■without using o-x)’'gen, he passes rapidly through all the early 
stages of action of to.xic chemicals to a state of circulator)’ 
collapse. A^ffien treated with sulfanilamide and similar drugs, 
he has progressed w’ell tow'ard stages 4 and 5 even before 
flying, and a sudden decrease in the osy’gen supply may prove 
disastrous. In industrial medicine, the earl)* action of a toxic 
chemical may closely simulate oxx^gen deficiency and may 
lead to the same results as are e.xperienced in aviation. 

The ph)'siological effects of the “sulfa” drugs are rather 
lasting. We have record of at least one case in wfiich a 
w^orker, having reached a stage of circulator}' collapse, failed 
to recover, with rest, in the normal period of two to si’5 
hours. He was under treatment wtith a "sulfa” drug, merely 
because he showed an unexplained temperature. Actually, 
three weeks of rest were needed before a normal circulator)' 
level w'as restored. 

In a less serious degree, the same situation applies to anti- 
hietic treatment avith organic arsenicals. Indeed, w^e wonder 
whether a luetic under active treatment is not in greater 
hazard when exposed to harmful chemicals, than a luetic not 
so treated. This problem is important if there is industrial 
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“concentrations of carbon monoxide which are innocuo^ at 
sea level become dangerous at even moderate altitude, i his 
situation is not specific for carbon monoxide. It applies, also, 
to the action of hydrocarbon solvents used in manufacture of 
paints, and is operative when those paints are used in poorl} 
ventilated rooms or cabins. It applies also to the household 
use of cleaning materials viithout proper ventilation. 


CONCLUSION 


This review of factors important in the control of health 
of workers, who may handle harmful chemicals, shows that 
maintenance of good health depends upon close cooperation 
between employer, physician, and worker. Upon no one of 
the three can be placed the entire burden of the problem. 

It is the part of the employer to provide safe equipment, 
adequate physical safett’ devices, such as ventilating sj'stems, 
or respirators or masks, where needed. He should provide 
proper medical attention, emplotting a competent physician, 
uith necessar}' quarters and material for his medical work, 
and should cooperate in setting up and carrNTng out a proper 
medical program. He should also provide proper facilities for 
washing and changing from street to work clothing so that a 
worker cannot wear contaminated clothes to his home, and 
so prolong his possible exposure by skin contact. 

The physician should acquaint himself with all phases of 
his problem, know in detail the procedures used in the plant, 
and by interest and sincerit\-, gain the confidence of manage- 
ment and each individual worker. A program of frequent 
medical studies will help by insuring close contact of worker 
and physician. Contraiy' to the behef of some employers and 
physicians, frequent medical examinations, properly con- 
ducted. do not alarm workers. Rather, thev sive workers the 
feeling of confidence. 


The employee must also take his share of the burden He 
mu^ realize that his own behavior, during the sixteen hours 
^ch day m which he is away from the plant, and during 
the weekend, can bnng success or defeat to the best efforts of 
his employer or his physician. There is, quite definitelv a 
possibihn' of ‘contnbutory negligence” of an employee The 
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Often, in a routine program of study by the blood pressure 
scoring method, men are found to be in a verj’^ poor condition 
on Monday morning, but improve greatly during the tveek. 
In spite of a minimal exposure to harmful chemicals, the work 
period may act more as a “rest period” than the supposed 
“weekend rest” from work. 

A verj* important factor in the Monday morning picture 
may be excessive automobile driving over the weekend. The 
fatigue of driving, plus inadequate or improper food intake, 
leads to physiological abnormality. In addition, there is, too 
often, the added factor of exposure to the carbon monoxide 
of e.xhaust gases. Few people pay much attention to the con- 
dition of mufflers and e^austs in their cars, and in cold 
weather are apt to close the car and reduce ventilation almost 
to zero level. M’e have one record of a man who, after a 
weekend of driving, appeared at work on Monday in a poor 
condition, and suffered circulatory collapse an hour or so 
later after a degree of chemical e.xposure which, as was 
clearly shomi by records taken on him every nvo weeks for 
many months, would not usually give him an abnormal blood 
pressure score, and which did not affect other men in his 
group on the day in question. 

Disease 

Disease due to bacterial infections or parasitic infestation is 
really the result of chemical poisoning and can produce all 
the stages of abnormah’ty indicated above. An attack of 
“grippe,” or acute upper respirator}- infection, can advance 
a worker so far on the route in physiological change that he 
may react to a low concentration of a to.xic chemical by a 
drastic fall in blood pressure score. 

Deprivation of Oxygen 

Sudden reduction in the available oxs^gen supply, such as 
occurs in flx'ing in high altitudes, or v'orking in restricted, 
unventilated" enclosures, will have the same physiological re- 
sult as toxic chemicals. Such deprivation of oxs'gen v-ill add 
to the effects of the cherm'cal exposure, so that the combina- 
tion may have drastic results. Thus, Heim'' has shown that 
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“concentrarions of carbon monoxide which are ^ocuora at 
sea level become dangerous at even moderate altitudes. This 
simadon is not specific for carbon monoxide. It applies, also, 
to the acdon of hydrocarbon solvents med in manufacture ot 
paints, and is operative when those paints are used in poorh 
ventilated rooms or cabins. It applies also to the household 
use of cleaning materials without proper ventilation. 


CONCLUSION 


This review of factors important in the control of health 
of workers, who mav handle harmful chemicals, shoivs that 
maintenance of sood health depends upon close cooperation 
between employer, phradan. and worker. Upon no one of 
the three can be placed the entire burden of the problem. 

It is the part of the employer to provide safe equipment, 
adequate phracal safety devices, such as ventilating sx'stems, 
or respirators or masks, where needed. He should provide 
proper medical attentioa. employing a competent physidaru 
with necessaiy quarters and material for his medical work, 
and should cooperate in setting up and carrying our a proper 
medical program. He should also provide proper facilities for 
washing and changing from street to work dothing so that a 
worker caimot wear contaminated dothes to his home, and 
so prolong his possible exposure by skin conract. 

The physkhn should acquaint himself with all phases of 
his problem, know in detail the procedures used in the plant, 
and by interest and sincerin*. gain the confidence of manage- 
ment and each individual worker. A program of frequent 
medical snidies will help by insuring close contact of worker 
and phj'sician. Contrar}' to die belief of some employers and 
pm-adans. frequent medical examinations, properlv con- 
duaed. do not alarm workers. Rather, they ^ve workers the 
feeling of confidence. 


The employee must ako take his share of the burden. He 
mu^ realize that his oisTi behavior, during the sixteen hours 
Kch day m ^vhich he is away from the plant, and during 
weerend. can bring success or defeat to the best efforts of 

^ There is. quite definitelv a 

possibiliw of contxibutoiy- negligence’- of an emplovee 
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task of pointing this out to him lies chiefly wth the industrial 
physician. But the plant physician, to function properly 
should maintain close contact wdth and cooperate wth the 
worker’s faviily physician, who can also play a v&ry impor- 
tant part in the whole program. The family physician should 
be familiar \tdth his patient’s occupation and, when his 
services are needed in treatment of sickness, make certain that 
his therapy is not harmful. 

The present national crisis olfers an admirable oppormnity 
for the cooperative spirit, not merely in preventing sickness 
of workers in industry, but in preventing even the least dis- 
ability. It presents an unprecedented occasion for establish- 
ing industrial medicine as a major field of national health 
control. 
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METHODS EMPLOYED IN THE APPRAISAL AND CON- 
TROL OP INDUSTRIAL HEALTH HAZARDS 


J. J, BLOOMFIELD* 


It is generally conceded that in order to obtain practical 
results in industrial hygiene, we need the combined efforts of 
the physician, the engineer, the chemist, and the nurse. 
Basically, we can diidde our mode of attack on industrial 
hygiene problems into turn parts: First, we must attack those 
problems concerned with the hygiene of the individual, and 
second, those dealing uith the environment in which the in- 
dividu^ works and lives. The first function comes unthin the 
scope of the medical sciences and has been treated adequately 
in the other contributions of this series. The second function 
deals with engineering practices and forms the basis for the 
present discussion. 

Under medical sciences would come the allied professions 
—nursing and the various medical specialties, such as pathol- 
ogy and physiologi'. Engineering services would include, in 
addition to engineering, the work of other public health per- 
sonnel, such as chemists, bacteriologists, and biometridans. 

In other words, the functions coming nithin the province 
of the medical department are concerned with the inditudual, 
while the functions with which the engineer concerns him- 
self deal with the environment. 


Insofar as the ’working enviromnent is concerned, it is 
within the province of the medical department to determine 
the existence of such diseases as may be due to the working 
environment, while on the basis of the physician’s findings 
the engineer is in a position to learn ivhat unhealthful condi- 
tions should be investigated and xvhere control measures need 
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to be initiated. It is essential therefore that the various pro- 
fessions clearly understand the functions of each, and ap- 
proach the solution of the industrial hygiene problem as 
co-workers in a joint effort, cooperating with each other to 
the fullest e.xtent. 

Ill health and premature death have been associated with 
the nature of man’s livelihood from time immemorial. Studies 
in recent years have clearly indicated that the health of 
workers engaged in industry can be affected by the condi- 
tions, materials, and processes of work. For these reasons, im- 
portant functions in industrial hygiene are the study of the 
worlaroom environment and its effect on health, and the 
subsequent development of methods for the control of en- 
sTTonmental hazards. 

It is realized, of course, that in ordinar>’^ times the worker 
spends only approximately one-tliird of his day at his place 
of employment. His health can therefore also be influenced 
by his ho7ne and recreational envirommnt. These latter con- 
ditions may also bear an important relationship to the so- 
called nonoccupadonal diseases, which are a major cause of 
time lost from work. For tliis reason, attendon must also be 
given to factors outside the workroom which might have a 
bearing on a worker’s health and efEciency. The present 
article ^^•iil be limited to a discussion of the working environ- 
ment only. 

If we examine the literatiue on industrial hygiene, we are 
confronted vuth the fact that methods employed in the study 
of the effect of industrial health hazards differ but little 
from those used in invesrigadons of other phases of public 
health. This is not strange, since in the stui'es of industnal 
diseases it is essendal, as in commum’cable disease invesnga- 
dons, to determine the edoIog>’', pathology*, s>'mptomatolog^% 
and the applicadon of measures to prevent or control the dis- 
ease. One may therefore employ the term “industrial epid- 
emiology” when referring to the methods used for the 
invesrigadon of diseases occurring in industr>^ or among in- 
dustrial workers, and the subsequent determinadon of 
methods of prevendon or control of such diseases. 

It is the purpose of the present discussion to treat of some of 
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the methods -which are employed in those phases of industrial 
epidemiologs' dealing nith the workroom environment. 

the study of the workroom environment 


The Reconnaissance Survey 

One of the functions of an engineer in the field of indus- 
trial hygiene is the study of the workroom environment in 
an effort to detenmne any relationship beriveen that environ- 
ment and its effect on the health of the worker. In ail such 
investigations there are certain prehminary steps of funda- 
mentaf importance which mu^ be undertaken m order to 
serve as a guide in the more detailed studio which may be 
indicated. These prelimiaaiy' steps are the baas for the recon- 
naisance survey and consist in the sanitan.- appraisal and the 
occupational analyris of the workroom and its inhabitants.^ 
The sj77!tjry sr/n-ey of the workroom consists in noting 
items of a general sanitatt' and hygienic narare. such as pro- 
visions for vendlation, iilnmination. fire protection, accident 
protection, exposure to specific poisons, such as dusts, fumes, 
vapors, and gases, fatigue, and so on. In other words, the 
sanitarv' survey yields infonnatioa concemiug the presence 
of various health hazards and serves as a guide in determining 
which hazards require further detailed study in the nature of 
actual quandtarive decenninations. One should look upon this 
t>-pe of survey as a listing of the facilities afforded the worker 
while in the industrial environment, and may be likened to 
the inventorv- of materials in stock which a business establish- 
ment usually undergoes periodically. 

The occupational analysis, which is also a parr of this in- 
ventor}' or reconnaissance survey, permits one to learn of 
the acdviti^ involved, the particular hazards asociated with 
each occupation, and the number of persons in each occupa- 
tion. 


In order to assist the engineer in the conduct of such recon- 
naissance survev-s, certain fonns are recommended. One form 
data of a general nature. It covers items of a sanitan' 
character m order to provide information on housekeepiaa- 
pro^on of certain personal services, such as cloak roonS’ 
locker rooms, showers, and toilets; and informarion on vari- 
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to be initiated. It is essential therefore that the various pro- 
fessions clearly understand the functions of each, and ap- 
proach the solution of the industrial hygiene problem as 
co-workers in a joint effort, cooperating with each other to 
the fullest extent. 

HI health and premature death have been associated vith 
the nature of man’s livelihood from time immemorial. Studies 
in recent }^ears have clearly indicated that the health of 
workers engaged in industry can be affected by the condi- 
tions, materials, and processes of work. For these reasons, im- 
portant functions in industrial hygiene are the study of the 
worlcroom environment and its effect on health, and the 
subsequent development of methods for the control of en- 
vironmental hazards. 

It is realized, of course, that in ordinary times the worker 
spends only approximately one-tliird of his day at his place 
of emplo3TOenc. His health can therefore also be influenced 
by his hovje and recreational etivirommnt. These latter con- 
ditions may also bear an important relationship to the so- 
called nonoccupational diseases, n'liich are a major cause of 
time lost from work. For tliis reason, attention must also be 
given to factors outside the workroom which might have a 
bearing on a worker’s health and efEciency. The present 
article vrill be Limited to a discussion of the working environ- 
ment only. 

If we examine the literature on industrial hygiene, we are 
confronted noth the fact that methods employed in the studj' 
of the effect of industrial health hazards differ bur litde 
from those used in investigations of other phases of public 
health. This is not strange, since in the stupes of indusmal 
diseases it is essential, as in communicable disease investiga- 
tions, to determine the etiolog)^ pathohg}-, sj-mptowawhgy, 
and the application of measures to prevent or control the dis- 
ease. One may therefore employ the term “industrial epid- 
emiolos}*” when referring to the methods used for the 
investisation of diseases occurring in industr)'- or among in- 
dustrial workers, and the subsequent determinadon of 
methods of prevenrion or control of such diseases. 

It is the purpose of the present discussion to treat of some of 
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chemist have at thdr disposal delicate insOTments and meth- 
ods of analysis tmprecedeated in the histon- of mdusn^ 
hv^eae. and our knowledge conceraing snch matters is m- 
cr^antr from dav to dav. The guesswork as to actoal ex- 
posures' has been fairly well taken out of industrial hygiene. 

A second purpose served by the detailed study is the fact 
that if clinical investigations are made concurrendy with 
environmental studies, the findings on occuparional exposure 
may indicate the permissible amounts of the toric materials 
which may be tolerated with safety-. 

And, finally, the third purpose served by this ty-pe of 
study deals with the control of the hazard. In other words, 
one is in a position to determine the efficiency of any device 


TABLE 1 


Lead Exsosrss .yea iLuasmi MoxthTi Ra3s oe iKinAi, Coi!3SS5.=:cos Cases 

SOS. PiOEEli 



! l£i! 2 Ig: 2 Cs 01 Lead per 

1 10 Cubic Meters o: .Mr 

McrirriT-i Moutily 
Rate (per 100) 

Mhh;. 

i 

120.0 

■14,0 



50.0 

12.0 

. . . 


5.7 

d i. 



1.2 

.IS 


which may have been introduced for the minimization or 
elimination of the hazard. 

Some examples illustrating each of the three purposes 
served by the detailed study follow. 

ExteTTt of Hmatrif.—In a study of lead poisonins amons 
storage battery* workers, it was important to determine the 
relationship between the amount of lead dust inhaled bv the 
men and the incidence and_ severity- of plumbism. Such a 
study is Tenable in that it may indicate the maximum 
aumunt of lead which may be inhaled with impunity-. 

Table shows the fundamental correlation between the 
lead m the ^ and the rate of plumbism in the maior 
departments of the plane m which a studv ^ made^ Ir is 
evident that a dose correlation exists between the iLd 
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ous control measures which may be in use, such as v'enrilarion 
and safety devices. Space is also provided for the lisring of 
exposures to certain hazards arising from fumes, gases, dusts, 
and ^ecific poisons. Another form deals primarily with the 
individual occupation, providing space for the designation of 
the occupation, the number of persons involved, the narare of 
the work itself, and the ra\v materials and by-products asso- 
ciated with each occupation. Space is also provided for nodng 
control measures associated with each exposure and indiridaal 
occupation. 

In practice, the reconnaissance surv^ey consists of carefully 
filling out the two inspection forms and jotting down any 
additional notes on items which may not be provided for in 
the forms under discussion. After filling out the sun-ey 
forms for each workroom in an entire plant, a detailed anal- 
ysis of the data contained in the forms is then in order. It is 
such an analysis that enables one to furnish a complete 
picture of the hygienic conditions in each of the workrooms 
studied and in the plant as a whole. 

The Defailed Survey 

In determim'ng a worker's exposure to materials or condi- 
tions incident to his employment, it is necessary to have 
precise data on such exposures. In some cases the difference 
between a hazardous and a nonhazardous condition may 
depend entirely on whether the worker is exposed continu- 
ously to concentrations of materials bordering on the thresh- 
old limit. For example, in the case of exposure to certain lead 
compounds, for which the threshold limit has been set as 1.5 
milligrams per 10 cubic meters of air, it is very important to 
know^ whether the worker is inhahng lead dust approxim- 
ately above or below this limit. Quite often a difference of 
a milligram or so may spell the difference benveen a safe 
or an unsafe condition. 

Detailed appraisals of exposure may be said to serve a 
tlyree^old purpose. First, they enable one to determine the 
extent of a hazard. This is accomph'shed by obtaining occu- 
pational exposures, by precise methods, to the toxic materials 
or conditions under consideration. Today, the engineer and 
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in industrial hygiene are constantly mcreasing in number, 
especially novr -when many netr chemicais and proc^es are 
being introduced into our urar industries. Our knowledge oi 
these substances, as to their action on the body, is constantly 
being augmented by the work of toritmlogists and by field 
sradies of the t}'^e described herein. It is the engineer s task, 
once rids knowledge is available, to devise wa>-s and means 
for controlling these injurious materials and conditions, a 
discussion of which follows. 


THE CONTROL OF INDUSTRIAL HEALiH HAZARDS 

The control of industrial health hazards .is also a function 
of the medical and engineering departments. The physician 
and his co-workers recognize the eristence of diseases due to 
the workroom environment and exercise medical supervision 
and ioitiare studies derigned to eradicate dangerous condi- 
tions, The engineer and his co-workers determine the extent 
of the hazard, and, armed widi a knowledge of the toricit}’ 
of the material involved, are in a position to consider meth- 
od and equipment for the control of the hazard. 

No sec rules may be established for the mechanical pro-, 
tection to be institoted in an attempt to control an industrial 
health hazard. Specific conditions encountered in a plant 
will determine the t>-pe of protection to be employed. In 
general, however, there are five methods which may be at- 
tempted in the minimization of an industrial exposure. These 
are: (1) suhsricurion of a nontoxic material for die toxic 
one, (2) isoladon of the harmful process, (3) wet methods 
in the case of some dusty operations, (4) local exhaust 
vennlarion, and ( 5 ) respiratoiy protection. In manv in- 
s^ces it may be necessar}' to employ a combination of the 
sa)ov 6 iii£th.ods in. the control of 3 sinsle exposure. 


Subs^iHAion 

The protection of workers against certain dusts known tc 
be toxic may at nmes be accomplished bv the substitution oi 
a nontoxic matenal for the toxic one. One example of such s 
procedure is the mse of a metallic or other uroe of artificia] 
abrasive tor sand m the sandblasting process 'in diose opera- 
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expostire of iiwiers in different departments and the risk of 
developing a case of lead poisoning. 

Correlation uAth Cl'mtcal Data.— figure 163 illustrates the 
relationship betiveen lead dust expostire, years of exposure, 
and the percentage of exposed xvorkers trith diagnosed early 
pluxnbiM.^ It is evident that 1.5 milligrams of lead dust per 
10 cubic meters of air, except for very’’ prolonged exposure, 
IS the limit of safety under the conditions encountered in 
these studies. This important finding is of great value to the 

PERCENT WITH EARLY PLUMBISM 



Fig. 163.— The percentages of storage batten' -vrorkeis in each of \6 
e-xposure groups in tvhom early plumbistn was diagnosed are represented by 
the heights of blocks. Thus, of the workers exposed more than fifteen 
years to atmospheric lead concentrations in excess of 3 mg. Pb per JO m’ 
of air, 61 per cent were found to hare early plumbism. 

engineer, since it gives him a basis upon v^hich to develop 
protecDve devices in the way of exhaust ventilation, respira- 
toryt protection, good housekeeping, and so on. 

Efficacy of Control.— The detailed sun'ey as employed in 
studying the efficiency of various methods employed for 
the control of a hazard tviU be treated in more detail in tlie 
next section, which deals with the control of industrial 
health hazards. It is desired, however, in closing this portion 
of the discussion, to point our that the engineering problems 
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in industrial hygiene are constantly mcreasing in number, 
especially now when many new chenucals and proc^ses are 
being introduced into our war industries. Our knowledge or 
these substances, as to their action on Ae body, is constantly 
being augmented by the work of toxicologists and by field 
studies of the type described herein. It is^ the engineer’s task, 
once this knowledge is available, to derise ways and means 
for controlling these injurious materials and conditions, a 
discussion of which follotvs. 

THE CONTROL OF INDUSTRIAL HEALTH HAZARDS 

The control of industrial health hazards .is also a function 
of the medical and engineering departments. The physician 
and his co-workers recognize the existence of diseases due to 
the workroom environment and exercise medical supendsion 
and initiate studies designed to eradicate dangerous condi- 
tions. The engineer and his co-workers determine the extent 
of the hazard, and, armed irith a knowledge of the toxicity 
of the material involved, are in a position to consider meth- 
ods and equipment for the control of the hazard. 

No set rules may be established for the mechanical pro- 
tection to be instituted in an attempt to control an industrial 
health hazard. Specific conditions encountered in a plant 
vtU determine the tjqie of protection to be employed. In 
general, however, there are five methods which may be at- 
tempted in the minimization of an industrial exposure. These 
are: (1) substitution of a nontoxic material for the toxic 
one, (2) isolation of the harmful process, (3) wet methods 
in the case of some dusty operations, (4) local exhaust 
ventilatiori, and (5) respiratoty protection. In many in- 
stances it may be necessary to employ a combination of the 
above methods in the control of a single exposure. 


Subsiitutton 

The protection of workers against certain dusts knonm to 
be toxic may at times be accomplished by the substitution of 
a nontoxic matenal for the toxic one. One example of such a 
procedure is the use of a metallic or other tjme of artificial 
abriKve for rmd in the sandblasting process b thosr^era- 



1168 


J. J. BLOOMFIELD 


aons in ■n'hich it is not necessary to use sand, a substance 
high in quartz content. The data shoutn in the accompany- 
ing table (Table 2) indicate clearly the lowering in dust 
concentration w'hen a steel abrasive is employed instead of 
sand in a sandblasting room.^ 


T.ABLE 2 

Redvctiox in Cokcsnteatiok aiH) Quisiz Content or Drsr in Sandblast 
Roois BY TEE ScBsrmrnoN of Steel eoe Sand Abeasiix 


Type of AbrasiA e 

Average Dust Concen- 
tration in Alfllions of 
Partides per Cu. Fl 

Percentage of Quartz 

i 

Sand . 

969 

42-9S 

Steel. 

155 

3 


Another example of substitution is one recendy employed 
in the hatting industry. For more than 100 years mercury had 
been employed in the carroting soludon which was applied 
to rabbit fur utilized for the production of felt hats. Certain 
operations in the preparation of the hatters’ fur and in the 


T.ABLE 3 

Dust Concentrations eor Sandblast Installations Regaeded by JIavt- 
EACTCEEES AS ‘TdEAL’’ IN CoiIP ARISON VTTEH OlHEE EqURIIENT 


Ideal 

Other 


AA'erage Dust Count in ^lillions of . 
Partides per Cubic Foot 


Barrels 

Tables 

Cabinets 

1 7 

0 2 

1 9 

29 0 

22 0 

1 33 0 


subsequent manufacture of the hat itself entailed e.xposure to 
mercury vapor and dust with accompanying mercurialism 
among the workers. Recently the hatting industry itself de- 
veloped a nonmercurial carroting solution which was adopted 
by the industry, so that mercurialism in the future vdll be 
completely eradicated in this industry.® 
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Isolation 

The mechanical enclosure or isolation of certain opera- 
tions also serves to protect the worker. Jo the c^e of dust 
exposure, we have an excellent illustration of tte t>T^ o 
protection by the use of the modem sandbl^ baael ^^ed 
in the cleaning of small objects. The following table mus- 
trates the practicai elimination of dust exposure in certain 
sandblasting operations in which well enclosed and isolated 
operations are contrasted tvith those not offering this sort of 
protection. 

Wef Mefhods 

In the case of dust, it is possible to protect workers by the 
substitution of wet for dry processes. This method is illus- 
trated by the results showa in the following table. 

TABLE 4 

CoxmsiKG Wet axd D&v IIeteobs oe Rock Dmuxc ash Lowko 


Processes 


Drilling. 

loading. 


' i Average Dust Count in 

I Millions of Paitides per 
, Kumberof ' Cubic Foot 
Samples > 


\ Dij- 

1 Wet 

' 23 

, 56S 

33 

10 

' 636 

32 


More recent studies of rock drilling operations have 
show that wet methods employed in conjtmcdon with 
general exhaust ventilation may often result in even lower 
dust concentrations than those show in the above table." 

Local Exhaust Ventilation 

Perhaps the most universally used method of control of 
certrin workroom conditions which are harmful to health 
IS local exhaust ventilation. This method aims to remove 
dusts, fumes, vapors, and gases at their source. So much de- 
pends upon the correct design and construction of hoods 
and exhamt sj'stems that they should be laid out and main- 
tame mth great care. The past few years have nituessed 
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the gradual accumulation of a tremendous amount of basic 
engineering data on this type of control. Data pertaining 



Figs. 164 and 165.-Tiled shower and Jocker rooms in a modem plant, 

to quantity of air necessary at hoods to control hazards or 

nuisances are rapidly accumulating. - - l u 

For example, it has been show that spray painnng booths 


CO^vTROI- 


OF IKDXJSTRIAI. HEALTH HAZARDS 


1171 


require velociries of 100 to 200 feet per minute at the open- 
ing to reduce effectirely the presence of vapors to s^e 
For laterally exhausted chronaium planng unto 
specific air velocities and sk volumes have been developed 

TABLE 5 

jjjKDmi Ai 2 VELocmss SsQnsED TO Caktse Cestaix ExBCsrmi Dcsrs 

AKD VAPO^ 
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and are now embodied in a national standard recendv pro- 
mulgated by the American Standards Association.® con- 
nection with gramte-cutting, special hoods have been de- 
signed for the control of the hazard in this industry® In 
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certain instances, doivn-draft ventilation has been found to 
be mo^ effective. Such practice materially' reduces the air 
velocities required for control and utilizes a natural tend- 
ency for hea\y dust to settle,.^® 

The scope of the present article does not permit adequate 
treatment of this particular method of control, although when 
properly considered it is an effective one. The accompany- 
ing table presents some data concerning required air volumes 
and other pertinent information regarding local exhaust 
ventilation. 



Fig. 166 .— Lead melting pot without hood. Note dross and spilled lead on 

floor. 

Respiratory Protection 

It is generally’' agreed that in the control of exposures to 
air-home toxic materials, primary consfderarion should be 
given to procedures for preventing e.xcessive contamination 
of the air in the breathing zone. Hott'eyer, there svill always 
be situarions where these procedures will be inapplicable, 
impracticable, or at times not effective. For these simarions, 
personal respiratory^ protection -will be required, either as 
a primary means of protection or as an adjunct to other pre- 
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vendve procedures. In recent years, great stndes have been 
made in the improvement of respiratory protective devices 
and at present the United States B^eau of hlines is approv- 
incr such devices after rigid testing.^ Such an appro^ 
sj^stem has stimulated further research on the part of the 
manufacturers handling these devices, which has resulted m 
a better product. The reader is referred to an excellent 
treatise on respiratory protective devices which was pre- 
pared by the Subcommittee on Personal Respiratory Protec- 
tive Devices of the Committee on the Prevention of Silicosis 
through Engineering Control of the National Silicosis Con- 


ference.^ 

It is also not possible to include in the present discussion 
the important subject of protecrive clothing, such as goggles, 
aprons, boots, rubber gloves, and especially the neuter tj^ies 
of protective clothing made from plastics, nor is it prac- 
ticable to go into a discussion of the subject of protecrive 
ointments. The reader is referred to the excellent articles on 
this subject by Dr. Louis Schwartz.^' “ 


SUMMARY 


The Need for a Study of Existing Control Measures 

Today we are vdtnessing vigorous action on the part of 
many official organizations in the development of codes and 
odier regulations dealing -nith the removal of noxious air- 
borne materials and other emdronmental hazards in industry. 
Nonofficial agencies, such as the American Standards Asso- 
ciation, and various medical and engineering organizations, 
are collaborating ndth state and federal agencies and in- 
dustr>’- toward the development of such codes on a scien- 
tific basis. One of the great needs today to aid in the de- 
velopment of such codes is factual data based on studies of 
existing installations. 

It is well-knonm that in many industries health hazards 
are being effectively controlled. The engineer and the 
chmcian should systematically evaluate the efficiency of the 
VOTous methods employed so that the data would be avail- 
able and useful m the preparation of good practice codes 

Ferhaps it would be proper at this point to give an ex- 
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certain instances, down-draft ventilation has been found to 
be mo^ effective. Such practice materially reduces the air 
velocities required for control and utilizes a natural tend- 
ency for hea\y dust to settle,.^® 

The scope of the present article does not permit adequate 
treatment of this particular method of control, although when 
properly considered it is an effective one. The accompany- 
ing table presents some data concerning required air volumes 
and other pertinent information regarding local e.vhaust 
ventilation. 



Fig. 166 .— Lead melting pot tvithout hood. Note dross and spilled lead on 

floor. 

Respirafory Profecfion 

It is generally agreed that in the control of exposures to 
air-bome toxic materials, primary considerarion should be 
given to procedures for preventing excessive contamination 
of the air in the breathing zone. However, there vdlJ dways 
be situations where these procedures will be inappb'cable, 
impracticable, or at times not effective. For these simations, 
personal respiratory protection ^viiI be required, either as 
a primary means of protection or as an adjunct to other pre- 
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The Sel^ng ol Basic Slacdards 

TTith farther reference to basic standards for the control 
of hazards in indusm'. two approaches may be employed. 
StuTidsrds csn he based on clinical data, that is, on defamte 
knowledge wHch shows that expos^e to rnore than a cer- 
tain amount of a toxic material will involve injuxj to health. 
Such knowledge then can be used_ in engineering design m 
order to reduce the exposure within the so-called threshold 
limit. 

TABLE 6 


Es?osr:s oi KArnxs’ Era Wosssss ro Afecrav Xj^oz xsb Tszaxeb Fc2 
ncssH Oontsoiaxo .«cd CsoQxi 2 .QurD Cosmnoxs 


j 

1 

Total Mercciy 
ErposTirera 
Mfflitarapa 

JO Cubic iletecB 

Average 

.45i 

Tlorr 

C.F.M. 

ifetcod 0 : Control 

EuooU' 

1 trolled 

Coa- 

troDed 


2.5 

0.6 


Segregation 

■ - 

1.5 

1 0.7 

. . . 

Segregadoa 


3.1 j 

1.2 

500 

iLoJal eibanst ventilation 

OcCtn 

4.0 ! 

l.S 

3S5 

local eaiaust venfilatlon 

ScrUrs-* 

3.S 

1.7 

3'S5 

Local eriaust ventUatzoa 

BloTTers 

1 4.6 

0.7 

2000 

Local esbaust ventilation 

Filers . 

! 5.4 

Truce 


Good icatuial -s eatHatlon 

StoT^re TroriKj arid 





pss 

.| 7.2 

! 

Trocs 

- 

Good natural ventHatioa 


* Depend 0:1 esii^viited cntters. 


j^though onr knowledge concerning the toxicin- of ma- 
terials is rapidly becoming more and more abundant, there 
are still many substances for which we have no basic informa- 
tion at this rime concerning their roxicolosical properties. In 
such cases it is suggested riiat standards could be ein- 
phyed -chch are based on results -chkh cm be obtained 
by good engmeenng practices. Quite often these enmneer- 
mg ptacmc^ are found to tield conditions far better than 
Aose which i^ht be based on our present knowledee of 
tosap of a mate^. One must bear in mind dM our 
present ideas concerning the toxic limits of certain sub- 
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ample of the usefulness of a study of existing installarions. 
In a survey of the mercur)’’ hazard in the hatters’ fur cutting 
industr}’’, the engineers were in a position to evaluate various 
control measures in vogue in various representative plants in 
the industry.^® Table 6 indicates the exposure to mercur)' 
dust and vapor of some of the workers in this industry under 
controlled and uncontrolled working condirions. It is ap- 
parent that where some measure of control is practiced by 
such methods as segregation or local exhaust ventilation, a 



Fig. 167.— Automatic casting machines with local e.shaust. 


material reduction in the e.xposure to mercury is effected. 
Although no one plant was found to have all of the control 
measures in effect as shown in the table, methods were found 
in representative plants of the industry shoving that the 
mercury exposure for different occupations could be con- 
trolled by existing pracrices. The engineer, in conducring a 
study of this t)T 3 e in representative plants, is in a position to 
present to the industry as a whole information showing how 
certain hazards can be and are being effecrively controlled. 
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The Need for Continuous Study of fovironmenf 

Once the problem in industry has been evaluated and 
everything possible has been done to control unhealtMni 
conditions, it htU still be essential for the mescal, nnismg, 
engineering, and chemical personnel to maintain close vigil- 
ance, in order that safe conditions may'’ be maintained^ and 
improved upon. Constant study of the workroom environ- 
ment is essential to ascertain whether certain measures are 
really effective. Such practice in cooperation nnth the work 
of the physician and the nurse appears to afford the best 
means of controlling industrial heith hazards, and their at- 
tendant loss of valuable dme from work. 
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Stances are subject to change as our methods of diagnosis 
and analysis improve. For this reason, it is quite often more 
practicable to employ standards which are based on good 
practices, such as those resulting from engineering control. 

In closing, it is desired to emphasize that studies of the 
mdustrial environment necessitate numerous laboratoi}’^ ex- 
aminations of a climcal, phj^sical, and chemical nature. These, 
call for highly trained chemists and biochemists. Today 
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Fig. 16S.— Group bumin?— continuous conveyor. Numerous local exhaust 
hoods and air-line respirators. 

xvdth the added use of chemicals in many of our processes, 
there is a greater need for data concerning the toxic effects 
of these substances. The proper procedure is a study of these 
new materials or processes on a small scale prior to their 
vddespread use in industrj^ This practice, which is now 
being employed in some of our more progressive industries, 
^alls for a close collaboration beUveen the produraon and 
development departments in the plant, and the industrial 
health maintenance service. 
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Tlie Need for ConKnuous Study of Environment 
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INDOOR ENVIRONMENTAL ATMOSPHERE AND 
ITS CONTROL 


w. j. McConnell, m.d » 


THE REGULATION OF BODY i EMPERATURE 


The condition of the surromKhng atmosphere in which 
we lire and work is of vital importance to the well-being of 
ns all. An important function of the environmental atmos- 
phere is the part it plays m the regulation of body tempera- 
ture. The abhin' of the human body to adapt itself to vary- 
ing external temperature conditions depends almost entirely 
on the relation between the rate of heat production and heat 
dissipation. The body must make continual adjustment 
through its heat regulating mechanism in order to maintain 
the indispensable constancy of body temperature. 

Variable amounts of heat derived from the food, drink, 
and air consumed are constantly produced within the body 
as a result of tissue oxidation. The basic rate is approxim- 
ately 400 calories per square meter per hour. During mus- 
cular work, heat production may rise to wenty, thirty, and 
even fonv' times the resting rate. Heat loss, on the other 
hand, with the exception of relatively small quantities which 
are carried away in the body excretions, is accomplished 
through the lungs and body spaces. Approrimately 80 per 
cent is lost to the environment from the skin by radhiion^ 
convection, evaporation, and conduction.-j The rate of heat 
disposal by each method is governed by the physical prop- 
erties of the air, namely, the temperature, the moisture con- 
tent, and the amount of air movement. Certain other factors, 
such as metabolic rate, vaso-motor control, activitj', age*. 


.Medial Director. Metropolitan Life Insurance Company 
. oS of heat rays in all directions. Conzeciion: 4ns- 

mission o. heat by mea^ of currents ot air or water. Evaporation: loss of 
tet by changing of a h^d (perspiration) to a vapor. Conduction: flow 
o. heat from a warmer substance to a cooler one. 
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comfort is best attained in an atmosphere -n-berem a peKon 
losK an amount of heat corresponding to that generate , 
•iKiihout being conscious of ant* adjustment made. 


PHYSICAL PROPERTIES OF AIR; EFFECTIVE 
temperature' 

The three phj-sical air properties, tevipersttire, inoisttire 
content, and sir tnovetnent. may be^ considered as mterde- 
pendent to an extent which m^es it desirable to consider 
diem as a unit rather than as separate factors insofar as them 
thermal adjustment and the result of that adjustment on 
comfort is concerned. The engineering profession has com- 
bined these into a single value called “effective temperature. 


Reading Temperature 

The temperature of the air may be readily determined by 
reading on the scale of the ordinary roercurj* thermometer 
the numeral opposite the level of the mercury in the stem 
of die thermometer. This reading indicates the dry bulb 
temperature of the air. 

The -set bulb temperature is determined by covering the 
bulb of an ordinan* thennometer Avith a moistened piece of 
gauze and fanning or whirling the thermometer so as to 
evaporate the moisture rapidly. The reading of the wet bulb 
is then made in the same manner as the dr>* bulb tempera- 
ture, after the mercur>- has attained the lowest level. 

A varien* of mstrurmnts for determining the dr>' and wet 
bulb temperatures simultaneously are available, and these 
var>' from the n'pe giving approximate information to those 
of the recording type which give a continuous record for 
desired periods of time. 

The ding psycbrotweter (Fig. 169) is a portable and vert- 
convenient variation of this latter type of instrument. It 
consist of ttvo thermometers adjusted to a plate arranged 
to stving at the end of a short chain or about a swiveled 
handle. One of the thermometers is used for measutintr the 
bdb temperature, and is a standard instrument such as 
^used ordm^y for the purpose; the bulb of the other 
thermometer is covered with a piece of wiclting or o^uze 
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clothing worn, personal habits, adaptability, and the state of 
health, also affect the rate of heat loss from the skin. 

Under normal air conditions, thermal radiation goes on 
constantly from the body and may be responsible for as 
much as 60 per cent of the total heat lost from the body 
surfaces. Convection accounts for about 15 per cent when 
the body is at rest, but may be twice as much when the sur- 
face of the body is exposed to currents of air or water. 
Evaporation accounts for about 25 per cent. Heat lost or 
gained by conduction depends on the temperature of the 
conducting surface, the area of contact, and the specific 
conductivity of the conducting surface and of the body 
tissues. 

Effect of W eather on Body Heat.~[t would be erroneous 
to postulate any constant values for heat loss because of the 
inconstancy of weather conditions or body smface e.xposed. 
During the v'arm season the amount of heat which can be 
lost by radiation and convection is less than the amount that 
can be lost through these media in cool weather. Under the 
former condition, therefore, it is necessary for the body to 
lose more heat by evaporation of perspiration in order to 
maintain a constant body temperature. Heat loss by evap- 
oration obviously is less effecrive in hot and humid atmos- 
pheres, or in densely occupied areas during the summer sea- 
sons because of the high moisture content of the air. Under 
such circumstances comfort can best be obtained by reduc- 
ing both the dry bulb and dewpoint temperatures,* thereby 
increasing the amount of body heat that can be lost by evap- 
oration and convection, and as the average temperature of 
the internal wall surfaces of the enclosure drops due to the 
reduction in the dry bulb temperamre the amount of body 
heat lost by radiation also increases. 

“V^Tiile circumstances may pennit of the adjustment of 
only one of the physical factors of the air to the exclusion 
of the others, advantage should be taken of all methods of 
heat disposal wherever it is at all practical to do so. Human 

'Dry bulb temperature: temperature of the air as measured bp the 
ordinaip' thermometer. Devpoint temperature: temperature at which pre- 
cipitation occurs. 
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comfort is best attained in an atmosphere \rherein a person 
loses an amount of heat corresponding to that generated, 
■nithout being consdons of any adjustment made. 


PHYSICAL PROPERTIES OF AIR; EFFECTIVE 
TEMPERATURE" 

The three physical air properties, tempSTature. violsture 
co7Tte7:t. and dr moveimTit, may be considered as interde- 
pendent to an extent trhich makes it desirable to consider 
tnem as a umt rather than as separate factors insofar as their 
mermal adjustment and the result of that adjustment on 
comtort IS concerned. The engineering profession has com- 
bmed tnese into a single ralue called “effecrire temperature-'’ 


R^sclrig I ernperafurs 

■^e temperature of the air may be readily determined bv 
^dmg on me scale of the ordinar}' mercury thermometer 
me numeral opposite the_ level of the mercurr- in the stem 
Ox me thexxxxometer. This reading indicates the dn bulb 
xemperature ot the air. ' 

^ determined bv coverins the 
oum Ox an oroix^- thermometer vith a moistened oi^e of 
aBd themon.,® °o 

is'Sm m,*?' bulb 

^ manner as the dry bulb tempera- 

axxcx the_ mercury has attained the lowest leveL ^ 

but determinins the drv and wet 

simultaneously are available 'and tiies° 

of nro thonoo'ro^n T™"”" '' 

to swing 2 t the end of a ^hn- 1 annnged 

iisBdle. One of the thermome^eV- T ^ swiveled 
bulb temperature, md is a measuring the 

^ OHd ordinarily fo- -J,! nT^r™ ^ 

is oovored ^^pfce'^f ”54 1 



1180 


W. J. MCCONNELL 


clothing worn, personal habits, adaptability, and the state of 
health, also affect the rate of heat loss from the skin. 

Under normal air conditions, thermal radiation goes on 
constantly from the body and may be responsible for as 
much as 60 per cent of the total heat lost from the body 
surfaces. Convection accounts for about 15 per cent when 
the body is at rest, but may be twice as much when the sur- 
face of the body is exposed to currents of air or water. 
Evaporation accounts for about 25 per cent. Heat lost or 
gained by conduction depends on the temperature of the 
conducting surface, the area of contact, and the specific 
conductivity’’ of the conducting surface and of the body 
tissues. 

Effect of Weather on Body Heat— It would be erroneous 
to postulate any constant values for heat loss because of the 
inconstancy of weather conditions or body surface exposed. 
During the tvarm season the amount of heat which can be 
lost by radiation and convection is less than the amount that 
can be lost through these media in cool weather. Under the 
former condition, therefore, it is necessary for the body to 
lose more heat by evaporation of perspiration in order to 
maintain a constant body temperature. Heat loss by evap- 
oration obviously is less effective in hot and humid atmos- 
pheres, or in densely occupied areas during the summer sea- 
sons because of the high moisture content of the air. Under 
such circumstances comfort can best be obtained by’ reduc- 
ing both the dry bulb and dewpoint temperatures,* thereby 
increasing the amount of body heat that can be lost by evap- 
oration and convection, and as the average temperature of 
the internal wall surfaces of the enclosure drops due to the 
reduction in the dry bulb temperanire the amount of body 
heat lost by radiation also increases. 

‘V^ffule circumstances may permit of the adjustment of 
only one of the phy’sical factors of the air to the exclusion 
of the others, advantage should be taken of all methods of 
heat disposal -v’herever it is at ail pracncal to do so. Human 

'Dry bulb temperanire: temperature of the air as measured by the 
ordinarj' thermometer. Devpoim temperanire: temperature at which pre- 
cipitation occurs. 
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which is moistened with water just before whirling the in- 
strument, and records a lower temperature than the dry 
bulb, unless the atmosphere is saturated. 

Humidify 

After determining the dry and wet bulb temperatures the 
relative humidity of the air can be ascertained by reference 
to tables or psychrometric charts. Tables have been pre- 
pared by the United States Weather Bureau (obtainable at 
the cost of ten cents from the Government Printing Office, 
Washington, D. C.) U'hich give the percentage of relative 
humidity for any combined dry and wet bulb temperatures. 



Fig. 169.— iUng psj'chronietcr. (Courtes)' of Precision Thermometer and 

Instrument Co.) 


Measuremenf of Air Motion 


Air motion may be determined in a variety of ways. Any 
one of the many types of anemometers (Fig. 170) on the 
market may be used for the measurement of the higher air 
velocities. 

The kata-thermometer (Fig. 171),* designed by Sir 
Leonard Hill, can be convem’entJy used as an anemometer 
and constitutes, especially at low velocities, a useful instru- 
ment for readily detecting drafts or air infiltrarion through 
windows. It sums up undirectional air eddies and currents, 
and is in this way superior to any vane anemometer. Funda- 
mentally, it is a specially constructed alcohol thermometer 
with a cylindrical bulb about four centimeters in length and 


• “The Science of Vendlarion and Open Air Trcacmcnc,” Pan I, 
Leonard Hill, H. M. Stationer)- office, London, 1919. The kata-thermom- 
eter can be purchased in the United States from H. N. Elmer (sole agenc)'}, 
53 West Jackson Boulevard, Chicago, 111. 
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A high temperjture katJ-tl:eT77:o7;:eter* -wWdi cools from 
130~ to 125° F. is recommended for determining the air 
velocitj- in instances tvhere the temperatnre of the atmos- 
phere exceeds 90° F. 

The Al7:or ve]o77:eter (Fig. 172) is a portable instrument 
that measures instantly and directly both high and lotr air 
velocities, as well as air pressures. The standard velometer 
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two centimeters in diameter. The top and bottom of the 
bulb are hemispherical. The stem, 20 centimeters in lensth, 
is graduated in tenths of a degree Fahrenheit from 95° to 
100 . In some of the later models these calibrations have 
been omitted and markings represent the 100° and 95° 
points. An enlargement of the bore at the top of the stem 
serves as a safetj’’ reservoir in case of accidental overheating, 
and it also permits the instrument to be heated considerably 
above 100° F., so that by the time it is suspended in the 
desired position it has acquired a uniform rate of cooling. 

In taking a reading, the kata is immersed in hot water 
until the alcohol rises to the top reservoir. The bulb is then 
dried and the instrument is suspended in the selected loca- 
tion. The time taken for the fluid to fall from 100° to 95°, 
measured by a stop watch, is a criterion of the heat loss from 
the surface of the kata by radiation and convection. Since 
the heat loss from the surface of the kata in droppmg from 
100° to 95° is a known factor (and is written in the back 
of the thermometer in miUicalories per square centimeter of 
kata surface and is known as the “kata factor”), the rate of 
the loss depends entirely upon the atmospheric environment. 
It is obnous, therefore, that there exists a definite relation 
between the time of cooling of the kata-thermometer and 
the atmospheric conditions. The rate of heat loss is deter- 
mined by dividing the kata factor by the time of cooling, in 
seconds, from 100° to 95° F. ALfter determining the rate of 
heat loss and ascertaining the dry bulb temperanne by an 
ordinary thermometer, the air motion is easily calculated by 
means of a formula or table.* 

More recently Yaglou and Dokofft have calibrated the 
kata-thermometer ov'er a wide range of accurately con- 
trolled air conditions, so that it can be used satisfactorily 
for high or low temperatures and humidities and for an}' 
air velocity between 0 and 650 linear feet per minute. 

• “Report of Committee on Standard Alethods for Eirammation of Air, 
American Public Health Association, Am. J. Public Health, A'’oI. /, N'o. I, 

t “Calibration of the Kata-Thermometer Over a AMdc Ranp of Air 
Conditions,” C P. Yadou and Kroum Dokoff, Journal of Industnal Hy- 
giene, Vol. XI, No. S,'p. 27S (Oct.), 1929. 
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A high teviperatUTe hata-thennometer* which cools from 
ISO" to 125° F. is recommended for determining the air 
velocit)' in instances where the temperature of the atmos- 
phere exceeds 90° F. 

The A]mT velovieter (Fig. 172) is a portable instrument 
that measures instantly and directly both high and low air 
velocities, as well as air pressures. The standard velometer 



readings up to its mavimnm i o correct 

single,^ double, or triple rancres ca^h^^ 

• “A TT ^ ^ furnished ^-ith the 

Method for Compucm*™T” ^’““spheres and a Simplified 

Of ..d-L ^p£?, S-3.^ ^“2 
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two centimeters in diameter. The top and bottom of the 
bulb are hemispherical. The stem, 20 centimeters in length, 
is graduated in tenths of a degree Fahrenheit from 95° to 
100°. In some of the later models these calibrations have 
been omitted and markings represent the 100° and 95° 
points. An enlargement of the bore at the top of the stem 
serves as a safety reservoir in case of accidental overheating, 
and it also permits the instrument to be heated considerably 
above 100° F., so that by the time it is suspended in the 
desired position it has acquired a uniform rate of cooling. 

In taking a reading, the kata is immersed in hot water 
until the alcohol rises to the top reservoir. The bulb is then 
dried and the instrument is suspended in the selected loca- 
tion. The time taken for the fluid to fall from 100° to 95°, 
measured by a stop watch, is a criterion of the heat loss from 
the surface of the kata by radiation and convection. Since 
the heat loss from the surface of the kata in dropping from 
100° to 95° is a known factor (and is written in the back 
of the thermometer in millicalorics per square centimeter of 
kata surface and is known as the “kata factor”), the rate of 
the loss depends entirely upon the atmospheric environment. 
It is obvious, therefore, that there exists a definite relation 
between the time of cooling of the kata-thermometer and 
the atmospheric conditions. The rate of heat loss is deter- 
mined by dividing the kata factor by the time of cooling, m 
seconds, from 100° to 95° F. After determining the rate of 
heat loss and ascertaining the dry bulb temperature by an 
ordinary thermometer, the air motion is easily calculated by 
means of a formula or table.* 

More recently Yaglou and Dokofft have calibrated the 
kata-thermometer over a wide range of accurately con- 
trolled air conditions, so that it can be used satisfactorily 
for high or low temperatures and humidities and for any 
air velocity between 0 and 650 linear feet per minute. 

• “Report of Committee on Standard Mctliodi for Examination of Ah, 
American Public Health Association, Am. J. Public Hcaltii, VoJ. 7, No. L 

t "Calibration of the Kata-Thermometer Over a AVide Range of Air 
Conditions,” C. P. Yaglou and Kroum Dolioff, Journal of Industnal 
gicnc, Vol. XI, No. 8, p. 278 (Oct.), 1929. 
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A high teniperature kaU-theniiometer* -n-hich cools from 
130° to 125° F. is recommended for determining the air 
velocity in instances nhere the temperature of the atmos- 
phere exceeds 90° F. 

The Ainor velo7;ieter (Fig. 172) is a portable instrument 
that measures instantly and directlj* both high and low air 
velocities, as well as air pressures. The standard velometer 



Fig. 172.-Vdoinerer. (Coiirtesv of IIKiiois Tesiiis Laboratories, Inc., 
Chicago, Dlmois.) 


K provided J a tn'c^rar^e scale; the low ranne (senerallv 
To provides accurate velocin- reading as low 

as 20 feet per minute, and the high ranse wiU sife correct 
m^um scale. SpeciA scales^^th either 
single, double, or tnple ranges can be furnished with the 

Joamal or Inanstnd Htgiene, Vol. Xo. 2, p. 
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velometer which give from as low as 15 feet per minute up 
to as high as 18,000 feet per minute. 


Final Analysis of Effec+ive Temperafure 

The “effective temperature,” which is based on expeii- 
mental work, using human beings as subjects, conducted by 
Ae Research Laboratory of the American Society of Heat- 
ing^ and Ventilating Engineers in cooperation with the 
United States Pubhc Health Ser^nce and the United States 
Bureau of Alines,* in reality is not a temperature of the air, 
but is a relative index of the temper of atmospheric condi- 
tions felt by the human body in response to temperature, 
hurnidity, and movement of air. It follows, therefore, that 
all combinations of these air properties which are thermally 
equivalent to each other have the same “effective tempera- 
ture.” The “effective temperature” scale, for convenience 
in application, has been superimposed upon a standard psy- 
chrometric chart. 

“NormaF Effective Temperature.— The fact that sat- 
urated air is the basis of the effective temperature index, 
instead of a relative humidity of 50 per cent which is an 
average under ordinary’" conditions of humidity, has led to 
some confusion in the lay mind, since the majority of people 
still interpret comfort in terms of the dry bulb temperature 
at normal hurm'dities. 

Recognizing that the valuable u'ork represented in the 
effective temperature inde.v would have more ready accept- 
ance by the public if put into terms more comprehensible to 
the lajTnan, Parsons and Bailey, in collaboration with others, 
revised the existing or basic scale by changing the basis from 
saturated air to 50 per cent humidity, and named the revised 
scale “normal effective temperature” (Fig. 173). 

Both scales are based on air movements of appro.ximately 
15 to 20 feet per minute, or practically soil air. For higher 
velocities, deductions must be made from the schedule, de- 
pending upon the amount of air movement. The effecdve 

• The results of these eeperiments have been published in the Society s 
Journal in a series of arrides beginning in 192} and connnued dunng the 
intervening years. 
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temperature index also fails to allow for radiation, and in 
areas where radiation is a factor some correction must be 
applied. This is generally done by lowering the elfecrive 
temperature in the event of radiation from a heat source to 
the body, and by increasing it where heat is lost from the 
body by radiation to colder surfaces. 

Instnments for Detewiimng Effective Temperature — 
Instruments indicating the effective temperature have been 
designed recently. Perhaps the simplest of these is the Bai- 
ley-Parsons Therbzwiiter which indicates the effective tem- 
perature by the revised numerical index based on humidity 
of 50 per cent, based on the original or basic effective tem- 
perature index. 

In areas where consideration must be given to radiated 
sources of heat the Therinointegrator of "WTnslow and 
Greenburg and the Heated-Globe therviovieter of Yaglou 
have been designed to include the effects of radiation. 

VENTILATION AND AIR CONDITIONING 

Having discussed the physical qualities of air which affect 
human comfort and indicated the usual methods of meas- 
uring these qualities, the real difficulty arises in the attempt 
to arrive at definite standards of air conditions under which 
groups of individuals vill feel equally comfortable, because 
comfort after all is the individual’s assessment of his environ- 
ment and differs with the individual. Fortunately, exposure 
to extreme temperatures and humidities indoors can usually 
be avoided, and the maintenance of reasonably comfortable 
conditions can be accomplished by adequate ventilating and 
air conditioning methods. 

Natural ventilation is satisfactory as a rule where there is 
provided 50 square feet of floor area and 500 cubic feet of 
air space per person and where effective openings in vdn- 
dows and skylights equal 5 per cent of the floor area. Other- 
wise, some mechanical means of delivering or exhausting air 

is necessary. _ . • . • 

The term air conditioning applies to a system which, m 
addition to supplying and remotdng air mechanically, 
imphes the simultaneous control of temperature, humidity, 
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ixdoor emtroxmental atmosphere 

and air movement both -winter and summer, whenever 
necessar}-, the control of radiant heat and of ^ punty rnth 
regard to dusts, fumes, gases, and odors. The tern is tre- 
quendv, but incorrectly, applied to mechanical systems 
which accomplish but one or two of these featur^. ^ 
important advantage that air conditioning has^ over all omer 
forms of veutilatiou is the exactness -with which an efficient 
system, properly maintained and operated, can control in- 
door environmental atmosphere. 


HTective Temperature and Control 


For the average physicallj' well adult engaged in seden- 
taiy work a temperature range between 68° and 73° F. with 
moderate humiditj* and air movement not exceeding 50 
linear feet per minnte nill generally be found satisfactory. 

In the cooperative studies previously referred to, the “ef- 
fecrive temperature” at which die majorin* of the individuals 
felt most comfortable is represented on the “effective tem- 
perature scale” as 66 ° F. (on the revised scale as 70° F.). 
It should be noted that these experiments were conducted 
durii^ the winter season. Later experiments conducted by 
Yaglou and Drinker at the Harvard School of Public 
H^th* indicate that during the summer season the comfort 
line shifts to higher temperatures, and is represented on the 
scale at approximately 71° F. (on the revised scale as 76° 
F.). The effective temperature scale also indicates winter 
and summer comfort zones, represented by a range of tem- 
peratures over u'hich an appreciable number of individuals 
taking part^ in the experiments felt comfortable. The com- 
fort zones indicate effective temperatures derdating as much 
as six degrees above and below the optimum comfort tem- 
perature. The variariou bero-een winter and summer can be 
attrib-uted to the important factor of acclimatization and to 
the difference in clothing worn during the two seasons. 

The Research Laboratorj- of the American Society of 
Hearing and d'entiladng Engineers is continuing its res^ch 


4 Comfort Zone; Olmate and aodiins,” C. P Wlon 

Indnsmal Hygiene, VoL X, No. lO. p°350 
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\^'ork, and has conducted many studies during recent years 
for the purpose of ascertaining more exacdy the indoor at- 
viospheric conditions conducive to optimum comfort. Dur- 
ing 1940 its Advisor}’- Committee on Sensations of Comfort 
published an interim report— based on a review of the recent 
research studies— concerning indoor effective temperatures 
for summer occupancies. It -was reconunended that the 
United States be divided into four zones from north to south 



Pis’. 174.— (Courtesy of American Society of Heating and t’entilating 

Engineers.) 


embracing a range of recommended indoor ‘ effective Km- 
peratures” from 70 to 73° F. (as shown in Fig. 174). The 
recommendations apply to the average modem tj pe o 
buildinsr -with normal walls and windows, and for long oc 
cupancy periods. It is further recommended that the rela- 
tive humidit}* for summer comfort should not be in exc^ 
of 70 per cent, and that more satkfactory results can be 
obtained with lower relative humidities. 
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Wider Application of Air Conditioning 

ventilating methods may pro\nde a satisfactory at- 
mospheric environment imder limited circumstances, air 
conditioning has a much broader application and, in many 
instances, is the only feasible method of sustaining a com- 
fortable emtironment in large and crowded indoor areas. It 
is the only means by which predetermined air conditions 
can be brought about and maintained Muthin narroM'' limits, 
despite variations in the weather and the degree of crowd- 
ing within an enclosed space. 

Air conditioning is used extensively in a variet)'" of indus- 
tries for the purpose of conditioning certain processes. The 
atmospheric requirements for processes, however, do not 
always produce comfortable conditions for the tvorkers. In 
the majority of industrial plants, because of economic and 
other reasons, air conditioning is not employed, and ventilat- 
ing methods are depended upon to provide adequate air 
exchange. 

In the hot industries it may be necessary to resort to spe- 
cially designed devices for providing a tolerable working 
environment. Local heat sources frequently can be control- 
led by enclosmg the process and exhausting the hot air to 
the outside of the plant. Houghten* and his colleagues have 
demonstrated that w^orkers engaged in processes requiring or 
resulting in hot surroundings can be protected against ex- 
treme discomfort by either directing relatively cool air at 
high velocity from a four-inch nozzle over the tvorker per- 
forming his tasks, or circulating relatively small volumes of 
^1 air through a loose fitt^ garment worn by the wmrker. 
The latter method is applicable to large enclosures where 
comparatively ferv workers are engaged in hot processes 
which do not requite the worker to move from one place to 
Mother over a large area, mere a large number of xvorkers 
IS engaged in a given enclosure, the indicated solution is 
obviously comfort cooling of the entire enclosure. Adequate 
control of the physical atmospheric emrironment in indus- 


v. cooling of Workers in Hot Industry,” F. C Honohren Af p 

F^rderber and Orl Gurberlet, Heating. Pipb^Sid Air j;| 



1192 


yv. J. MCCONNELL 


trial plants presents many special problems, the solution of 
which oners a challenge to the ingenuity of the engineer. 

Air Purify 

A second important function of the air is to provide the 
individual with an adequate amount of pure respirable air 
and to act as the vehicle for remotdng as quickly as possible 
air contaminated with the waste products of respiration. It 
too frequently happens, however, that the air breathed is not 
pure, but is contaminated ntith foreign materials, such as 
dustt, smoke, fumes, gases, and microorganisms, many of 
which are toxic or deleterious to the body when inhaled into 
the lungs. 

Measures for Purifying the Air.— A. number of effective 
measures for either removing the deleterious substances from 
the air, or preventing their access to the air breathed, is at 
our disposal. A variety of air filters is available which have 
been found effective in e.vcluding foreign substances from 
the air entering occupied enclosures. The beneficial effects 
of filtered air on individuals suffering from hay fever, pol- 
len-asthma, and other allergic diseases have been demon- 
strated vtith most satisfactory results. 

The entrapment of air contaminated vith unwanted gases, 
fumes, and dusts, produced by industrial processes, and its 
subsequent removal by means of e.vhaust equipment wher- 
ever it is at all feasible, is the preferred method of pre- 
venting the dispersion of these substances into the plant at- 
mosphere. The object of exhaust ventilation is to produce at 
the point of generation of these by-products air currents of 
the proper magnitude and direction so as to force the pol- 
luted air into the exhaust sy'stem where it is discharged to 
the outdoor atmosphere, llffiere control of these contami- 
nants at their source is impracticable, the exposed workers 
should be required to wear approved types of respirators 
for protection against the inhalation of these foreign air 
subst3iic£s* 

Other control measures applicable to harmful industrial 
processes include the complete enclosure of the proce^, the 
substitution of harmless or less harmful substances in the 
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process, increased general vetMalation, good housekeeping, 
shop education, and medical supervision. 

DEVIATIONS IN AIR COMPOSITION 

In addition to air contanunation v.dth mmc or deleterious 
substances, the possibility of either deviations in the pro- 
portions of the normal constituent gases of the air or in air 
pressure must not be overlooked. Fortunately, any seriota 
deviations need be considered only under unusual circum- 
stances. Symptoms of anoxeima occur when the oxygen con- 
tent of the air diminishes to less than 17 per cent. .Life is 
endangered ndth a reduction of oxygen to 10 per cent. A 
marked decrease in the partial pressure of ox^^gen is en- 
countered by aviators fljting at high altitudes. S^nuptoms of 
anoxemia usually occur at altitudes around 12,000 feet unless 
oxj’-gen is artificially supplied. Slight s)’mptoms are often 
observed at half this altitude if ascent is sudden or the stay 
in the ratified air is prolonged. 

An increase in air pressure occurs in compressed air work, 
such as is encountered udthin a diving suit or caisson, where 
the air pressure must at least equal Ae water pressure out- 
side. Co7/tpressed air illvess occurs during decompression of 
the worker and is due to the liberation of bubbles of gas 
consisting almost entirely of nitrogen mto the blood and 
tissues of the body. 

DISINFECTION OF AIR 

Meades aimed at the destruction or inhibition of disease- 
producing bacteria in the air breathed also have been pro- 
posed during recent years. The employment of ultraviolet 
Tudiation as a germicide, and the use of various ohevitcal dis~ 
m^ectants are gai^g favor as adjuncts to the purification of 
the air. The design of the ultraviolet lamp installation to 
meet the requirements for adequate ditinfecrion of an area 
and at the same time protect the occupants is a problem for 
solution by the manufacturer of the lamp. 
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PROTECTIVE OINTMENTS AND INDUSTRIAL 
CLEANSERS 


LOUIS SCHWARTZ, M.D.* 

The keynote of the prevention of occupational dermatitis 
is to keep contact of irritants with the skin at a minimum. 
Of first importance are totally enclosed processes; second, 
adequate local and general exhaust ventilation; third, pro- 
tective clothing; fourth, enforcement of cleanliness; fifth, 
protective ointments; and sixth, the use of nonirritant indus- 
trial cleansers. 


PROTECTIVE OINTMENTS 


^^^ule protective ointments are low on the list of preven- 
tive measures, they are often the only available means of pro- 
tection. In other instances riiey protect the skin from 
irritants which may escape into the air in spite of other pre- 
ventive measures. Again, the face cannot be covered by pro- 
tective clothing, and often the work must be carried on wtith 
bare hands, gloves being unsuited for work or impeding the 
speed of the operation. Moreover, workers dislike to wear 
gloves and seem to like to use protective ointments. WTten 
a protective ointment is used, the worker invariably removes 
it vith soap and water immediately after work and so remov'^es 
at the same time whatever irritants are on the skin. This 
adds considerably to the protection supposedly given by the 
ointment. 

All protective ointments should have the following prop- 
erties: 


1. They should be nonirritaring and nonsensirizing. 

2. They should offer actual protection from the irritant. 


• Medical Director, U. S. Public Health Service, and Chief, Dermatoses 

of 
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3. They should be of such consistency that they can be 
apph'ed easily, 

4. They should be easily removable after work and vet 
stay on while the worker is exposed. 

Types 

Protective applications may be divided into six classes: 

L A simple vanishing cream which when rubbed into the 
skin fills the pores with soap which facilitates the removal 
of soil when washing after work. 

Type formula: 


Stearic acid 20 

Sodium carbonate 2 

Glycerin 6 

Water 78 


Melt steanc acid; dissolve sodium carbonate in mater and heat to same 
temperature as stearic acid. Pour hot alkali solurion slowly into hot 
stearic acid, stirring the mixture while pouring and until cold. 

2. Ointmems 'which leave a thin film of a resin or 'wax on 
the skin and thus prevent the irritant from touching the 
skin. This class can be subdivided into {a) water-soluble 
films, and (b) water-insoluble films. They may be in the 
fotm of ointments, emulsions, or solutions. This class of 
protectives is sometimes called the “invisible glove” type. 
The 'water-soluble films give some protection against 
solvents, such as petroleum distillates, the solvent clilorinated 
hydrocarbons, and v^ater-insoluble allergens such as trinitro- 
toluene and tetrjd. They are easily removed by water and 
therefore often tend to flake off as the perspiration accumu- 
lates beneath them. To counteract this action, they are some- 
times mixed with fats and oils. Methyl cellulose, Irish moss, 
sodium silicate, kara}^, quince seed, mucilage, acacia, traga- 
canth, casein, Elastolac (water-soluble shellac), sodium 
alginate, and pectin are some of the water-soluble resins that 
may be used for this purpose. 

The second type of films includes 'water-insoluble resins 
and 'waxes used to keep out water-soluble irritants. These 
resins have the disadvantage of requiring a volatile solvent 
in order to be applied and a special cleanser must be used 
for their removal. Such solvents and cleansers maj’' defat 
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and hence irritate the skin. Shellac and nitrocellulose are the 
most frequently used resms in this form of protecave, and 
alcohol, ether, and acetone are the usual solvents. Uhen 
such protective films are used it is advisable to apply an 
emollient such as a mixture of lanolin and cold cream to the 
skin after mashing off the protective film. A^Tien a wax coat- 
ing is applied as the invisible film, it is usually contained in 
a vanishing cream, and a mineral oil is used as a softening 
agent. 

The imusible glove tjqie of film is also a good protecave 
against dermatitis of the face from the edges of respirators 
and gas masks. 

Type fonmh—l (a): 


Acacia 5 

Tragacanth 5 

Borax 2 

Water 88 


Dissolve borax in hot water. Powder and mk acacia and tragacanth and 
dissolve in solution. 

Type -fonmila—l {b): 


Gum benzoin 5 

Beeswax 2 

Anhydrous lanolin 5 

Ethyl alcohol 88 


Alelt and mix lanolin and beeswax and allow to cool. Dissolve gum 
benzoin in alcohol and then dissolve lanolin and beeswax mixture in 
the solution. 


3. Protective ointments which cover the skin and fill the 
pores with a harmless fat to repel water-soluble irritants and 
prevent the entrance into the pores of hamtfzd petroleum 
oils^ ^easeSy and coal-tar derivatives* Because fat solvents 
must act on the film of fatty ointment before they can attack 
the sldn, this tj'pe of protective oiptment also offers some 
protection against solvents by buffering their acrion on the 
skm. This class of ointments is difficult to remove vAth. soap 
and water. Therefore some manufacturers have added stm- 
meoc wetting agents to facifitate their removal. This class 
IS recommended against catting oils, greases, creosote oil 
pitch, exce^ve sunhght, and photosensitizing chemicals' 
especially if they contain chemical and physical light 
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screens. They can also be used to rub into the skin after 
work to lubricate and soften dry sldn. 

Type fontnda: 


Anhydrous lanolin 70 

Castor oil 

Perfume q,s. 


Melt lanolin and mix in the castor oil. Perfume when cool. 

4. Protective ointments which contain a nonirritant chem- 
ical intended to detoxify the industrial irritant. For instance, 
a cream to protect against alkalis may contain bofic or 
benzoic acid intended to neutralize the alkali. The addirion 
of an animal or vegetable fat or oil to such a cream further 
buffers the action of the alkali by combining wdth it to form 
a soap. A protective cream against acids may contain soap 
and magnesium hydroxide intended to neutralize the acid. 
A protective cream against such substances as poison hj 
and the vesicant war gases which are detoxified by oxida- 
tion may contain a nonirritant oxidizer such as the various 
oxidizing peroxides, or one that gives off chlorine such as 
dichloramine T: 

Type formula: 


Alagnesium carbonate S 

Talc . 5 

Soap . . 10 

Lanolin . 30 

Castor oil . 28 

Duponol . 2 

Perfume qjs. 


Mix soap, lanolin, and castor oil. Incorporate magnesium carbonate and 
Duponol. 

5. Protective ointments which cause inert powders to 
adhere to the skin, forming a protective covering against skin 
irritants. The powders may be calamine, zinc o.xidc, iron 
oxide, h'eselguhr. Bentonite, and so on. The adhesive or 
binder may be any of the water-soluble resins used in the 
“invisible glove” type of cream. These ointments are of value 
in protecting against water-insoluble allergenic substances such 
as the military explosives, and against physical agents which 
may pierce the sIm, such as sharp pieces of glass, slivers of 
steel, and thorns or fuzz on dowers, fruits, and vegetables. 
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Type fonmdci: 

Zinc oside ^ 

Talc ^ 

Irish moss ^ 

Gum benzoin - 

Water 

Alcohol 

Vanishing cream ^ 

Dissolve Irish moss in water. Dissolve benzoin in alcohol. Alix with 
powders and incorporate into vanishing cream. 

6. Protective applications against the photosensitizing 
action of the heavy coal-tar distillates, oil distillation residues, 
and excessive sunlight may contain such physical light screens 
as menthyl salicylate, aesculin, cyclofonn, esculetin, menthyl 
benzoate, benzA'l salicylate, quinine oleate, menthyl anthran- 
ilate, tannic acid, and tannates. 

Type fomnda: 


Lanolin 58 

Castor oil 30 

Titanium dioxide 5 

Menthyl salicylate 5 

Duponol •. 2 

Perfume qi. 


Melt lanolin and mix with castor oil. Incorporate titanium dioride, 
menthyl salicylate, and Duponol. 

Most of the protective creams, emulsions, and lotions on 
the market are combinations of these sk nqies of creams. 

iMAers of industrial protective creams were requested to 
give information regarding the ingredients in their products. 
The formulas received in response to this request have been 
classified as follows: 


Costposmos or I^^5V3^uAl. Pkotecttvi; CEn.Ans 


iScnufaduTCT 

West Disinfect- 
ing Co. 


Name cf Product 

West Protective 
Cream No. 11 


In^cdimts 

Stearic add, beeswax, lan- 
olin, benzoic add, gljx- 
erin, borax, potassium 
carbonate, mineral oil, 
petrolatum and glixol 
stearate 


Oass 

Combination of 
Tj-pes 1, 2 and 
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Coirposrnos op Ikdosteiai. Pp-otecttve Cezmb — C cnlinuti 


Mant^aciurer Kameq} Proditct Ingredients Oass 

West Disinfect- West Protective Stearicadd, glycerin, borax Tj'pe 1. 
ing Co. Cream Wo. 22 and combined potash 

West Disinfect- West Protective Stearic add, spermaceti, Combination of 
ing Co. Cream Wo. 23 glycerin, boras, potash. Types 1 , 2 and 

Irish moss, starch, guna, 4. 
benzoic add and per- 
fume 


West Disinfect- West Protectia'e .Alcohol 17%, gums,' Irish T>’pe 2. 
ing Co, Cream Wo. 33 moss, starch, spermaceti, 

boras, benzoic add 


West Disinfect- West Protective Spermaceti, paraffin, glycol Combinatioa of 
ing Co. Cream Wo. 44 stearate, lanolin, castor Tj-pes 2 and 3. 

on, soap, boras and ben- 
zoic add 


West Disinfect- West Protective Castor oil, olive oil, par- CombmaUon of 
ing Co. Cream Wo. 55 affin, lanolin and glycol Tjpes 2 ana 3. 

stearate 


West Disinfect- 
ing Co. 


n'est Protective Lanolin, glycerin, zinc oi- CombinaUon of 
Cream Wo. 66 ide, glycol stearats^ Du- Types 3 and a. 
ponol, spermaceti and 
benzoic acid 


West Disinfect- West Protective 
ing Co. Cream Wo. 77 


Cetyl alcohol, stearyl alco- Combination of 
hoi, ceresiD, castor oil, T>pes 3 and 4 
mineral oD, sodium lau* 
ryl sulfate, sodium per- 
borate and perfume 


West Disinfect- 
ing Co. 

West Protective 
Cream Wo. 88 

Castor oil, olive oil, lan- 
olin, diglycol stearate, 
paraffin, titanium o.tide, 
Duponol and menthyl 
salicj'Iate 

Combination of 
Tj-pes 3 and 6. 

Milbuin Co. 

Ply Wo. 1 

Bade emuldon, stearic 
add (ranishing cream), 
and vegetable gum 

Combination of 
T>pes 1 and 2, 

Milburn Co. 

Ply Wo. 2 

Same as Ply Xo-1 plus ad- 
dition of water-soluble 
^uthetic resin 

Combination of 
Types 1 and 2. 

Jlilbum Co. 

Ply Wo. 6 

Lanolin, petrohti^ (%-ioIet 
ray treated), ziuc oxide 
and com starch 

Combination of 
Tjpes 3 and 5, 
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CoiEPOSmos or lOTTranaAi. PEoxEcm’E Ceeams Coniinued 


ifar.’^'adurcr 

A'anre cf Product 

Ingredients 

Class 

MDbnm Co. 

Ply Xo. 6-A 

Lanolin, petrolatum (violet 
ray treated), boric add 
and com starch 

Combination of 
Types 3 and 4. 

MSbum Co. 

Ply No. 9 

Aqueous solution of vege- 
table gums, sodium and 
potassium phosphate 

Type 2. 

Milbum Co. 

PlyKo.9-A 

Similar to Ply Xo. 9 in 
cream form 

Type 2. 

Kolar Labora- 
tories 

Hand-I-Septic 

Aliphatic hydrocarbons, 
U.S.P. cosmetic oil, sol- 
uble cellulose, sodium 
alkyl sulfate, chlorthy- 
mol, methyl' salicylate, 
g'y^cerfn, aheates and 
titanium dioxide 

Combination of 
Types 2, 5 and 

6. 

Davis Co , Inc 

Eco Protective 
Cream Xo. 1 

Gum aiabic, Ivory soap, 
lanolin, perfume and ra- 
ter 

Combination of 
Types 2 and 3. 

Davis Co., Inc 

Eco Protective 
Cream Xo. 2 

Stearic add, cocoa butter, 
carbitol, glycerin, bo- 
rax, potasaum bydrox- 

Combination of 
Types 1 and 3. 


id^ cetj’l alcoiol, per- 
fume and ■rater 


Dr. George W. Protecti%-e against Calanune and film of Combmafion of 
Fiern, TJiu- rater - soluble rater-repellent hydro- Tj^es 3 and 5. 

veisiJj- of aSergess sad genated castor oil 

Bugalo Sold gasoline and 

by Dermal oP allergenic 

Products substance 

H.^V>-Hte Dermo Cream Stearic add, lanolin anhy- Combination of 

drous, borax, triethan- Tj-pes 1 and 2. 
olamine, Methocel solu- 
tion, carbitol, terpineol, 
oesol and Xaccanol 


E.LduPontde Pro-Tek 
Xemouis & 

Co. 


“Inxiable glove" type Type 2. 


Lanolm, picric add and 
perfume 


W^ba^ I-Heal-U Dint- 
^^cinical Co. inent 


Comfainatioa of 
Types 3 and 4. 
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CoMPosmox or Ikbosieial Pnoixcin-E Cszfjss—Coniir.ued 
ITanufaclurer Name of Product In^eiknls Class 

Wambaugli J^ictel-Itch Petrolatum, calamine, anc Tj’pe 5. 

Chemical Co. Ointment oxide, glycerin and phe- 

nol 

Wambaugh Chrome Oint- Lanolin, petrolatum and Type 3. 

Chemical Co. ment balm of Gilead 

Duke Labora- Tecto Emulsion of water in ali- Type 3. 

tones phadc hydrocarbon fats. 

Esters of alcohols of 
cholesterols 

Prack Labora- Piacti-Kreme Water, glycerin, vegetable Combination 

tones, Inc. fat, animal fat, vegetable protective and 

on, vegetable oil base deanser. Type 

wetting agent, bland 3. 

soap, vegetable color and 
perfume 

Prack Labora- Prack Formula Petrolatum, paraffin, soap Combination of 
tories, Inc. 33 stock oil, resin and ti- Types 2, 3 and 

tanium osdde S. (Waterproof 

protectionsuit- 
able for aller- 
gens. Must be 
removed with 
very hot water 
and P/acti- 
Ereme.) 


Standard Safety- 
Equipment 

Co. 

Economy Skin 
Shield 

A'atuial gums, glycerin 
and neutral detergent 

Type 2. 

Standard Safety 
Equipment 
Co. 

WR-3I8 

Wax emuisioa to protect 
against water-soluble 
substances 

Type 2 (b). 

Doak Co. 

Sav-Skin I 

Zinc hydroxide, quinine 
oleate, heavy emulsion of 
vegetable oils and led thin 

Combination of 
Types 3, 4 and 
6. 

Doak Co. 

Sav-Skirt 2 

Zinc oxide, isos oxide, 
resin and cream base 

Type 5. 

Doster & Co. 

Teakin 

Water, glycerin, sodium 
silicate, sodium stearate 
(chips), gum tragacanth 
solution, color and Lim- 
onene 

Type 2 (a). 
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INDUSTRIAL SKIN CLEANSERS 

Personal cleanliness is one of the most important prroen- 
tives of occupational dennatitis. Therefore, the use of suitable 
cleansers should be encouraged. In an effort to remove 
speedily and completely tenacious soil or dyes from the SM, 
workers often use harsh cleansers, such as strong abrasive 
soaps with hish alkaline content and powerful solvents. Der- 
matiris resulting from this harsh treatment is of frequent 
occurrence, and such imtations of the skin are sometimes mis- 
takenly attributed to the substances handled while working. 


Physical and Chemical Action of Detergents 

In order to know what detergents are best adapted for use 
as industrial skin cleansers, something of the chemical and 
physical properties by means of which detergents remove 
soil from the skin should be understood. 

There are various theories regarding the action of soaps as 
cleansers. Among others, the following may be mentioned: 

1. Soap solutions emulsify oils; the alkali set free when 
soap dissolves emulsifies the fam* material adhering to soil 
and enables the solution to carr>' away the loosened particles. 

2. The alkali hberated when soap dissolves acts as a solvent 
for greas}* matter on the surface to be cleaned. 

3. By increasing surface activity', and by wetting and pene- 
trating oily substances, the alkali loosens dirt and soil which 
are washed away in solution. 

4. The soap acts as a lubricant and aUo-u-s dirt to be rubbed 
off easily. 

5. The hydrolyas of soap forms colloidal acid soap, which 
in turn forms colloidal absorption compounds uith the dirt. 

There are various chemicals which when added to soap in- 
crease the detergent action. Some of these aid the action of 
soap by mcreasing the free alkali content. Such are sodium 
carbonate, sodium silicate, sodium metasilicate, trisodium 
phosphate, disodium phosphate, sodium hexametaphosphate, 
and trisodium borate. 

Some assist by softening the hard waters and permittincr 
the soap to act. Such are the water softeners-sodium hex^ 
metaphosphate (Calgon); chemical neutral metaphosphate 
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(Paratex); tetrasodium phosphate (Phosphotex); and sodium 
tetraphosphate (Quadrafor). 

Some assist by increasing the wetting power and surface 
activity of the soap solution. Such are the synthetic wetting 
agents. 

Wetting Agents 

In order that dirt may be removed easily from the sltin, 
both must be wetted by the cleanser. Wetting agents lower 
the surface tension of liquids, enabling them to spread over 
the surface and penetrate into the pores. They also act as 
“surface active” agents, thus enabh'ng the solution to pene- 
trate oily or wax)’’ films making the dirt easily removable. 
The molecules of wetting agents are composed of nvo essen- 
tial parts, one part attaches itself to the water molecule and 
the other part attaches itself to the oil molecule. In this manner 
the molecule of the \vetting agent brings together the other- 
Muse immiscible water and oil molecules. Sulfonated castor 
oil and the S}’’nthetic wetting agents act in this manner. 

The principal synthetic toetting agents are: 

1. Sodium salts of die higher alcohol sulfosuccinates, of which Aerosol 

O T is a representative. 

2. The long chain of alcohol sulfates, of which Duponol is a represen- 

tative. 

3. The alkj'I arj’l sulfonates, of which Santomerse is a representative. 

4. The alk}d naphthalene sulfonates, of which Alkanol is a represen- 

tative. 

The principal wetting agents and detergents are listed 
below: 

SvN-rHEiic Wrrrrs'G Acexts ami Deiesgekts 
A'oM Use Chemical Nature ilanufaciurer 

Alivol Wetting Alk>-1 argj-1 sulfonate Westwood 

Phann. Co. 

Alkanol B Wetting Sodium aIkj-1 naphthalene du Pont de Kt- 

sul/onate tnaurs & Co. 

Alkanol H G Wetting Sodium akiyl naphthalene du Pont de ^e- 

sulfonate mours & Co^ 

Alkanol S A Wetting Sodium alkyl naphthalene du Pont de i e- 

sul/onate rMurs A Ca 

Alkanol WXN Wetting and re- Sodium h>-drocarbon sul- du 

wetting fonate ^ 
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SYirtHEHC W'ettikg Agents asd DeteegentS— Cra/i«K«i 


Name 

Use 

Arctic Sj-ntei 

Wetting and de- 

hi Flakes 

tergent 

Arctic Sj-ntei 

Wetting and 

hi Liquid 

detergent 

.Aerosol 0 T 

Wetting 

.Areskap 

Wetting and 

Arj’lene 

detergent 
Wetting and 

Cerfak 

penetrant 
Wetting and 

Chcnol Con- 

detergent 

Detergent 

centrate 

Cj-doponAand 

Detergent 

G A 

Deceresol A S 

Wetting 


Chemical Kalure 

Sodium salt of a sulfated 
fatty ester 

Ammonimn salt of sulfated 
fatty ester 

Di-octyl sodium sulfosuc- 
dnate 

Sodium alkyl aryl sulfonate 

Alkyl naphthalene sulfo- 
nate 

Alkjd aromatic stilfonate 

Amin o condensate 

Fatty add amide alkyl sul- 
fonate 

Alkyl aryl sulfonate 


Manufacliirer 

Colgate- 
Palmolive Peet 
Co. 

Colgate- 

Palmolive Peet 
Co. 

Amer. Cj'anamid 
& Chemical 
CoT). 

Monsanto Chem- 
ical Co. 

Hart Products 
Corp. 

E. F. Houghton 
& Co. 

Burkart-Schier 
Chemical Co. 
General Dyestuff 
Corp. 
American 
Cj’anamid & 
Chemical 


Corp 

Deceresol A Y Wetting Sodium salt of diamj’l-sul- American 

fosucdnate Cyanamid & 

Chemical 


Corp. 

Deceresol JI A Wetting Sodium salt of dimethj’l- American 

suHosucdnate Cjanamid & 

Chemical 


Deceresol 0 S Wetting 
Deceresol O T Wetting 


Sodium salt of diisopropj’l- 
naphthalene sulfonic 
add 

Sodium salt of dioctj’l-sul- 
fosuccinate 


Coip. 
American 
Cyanamid & 
Chemical 
Corp. 
American 
Cj'anamid & 
Chemical 


Diglj-col 
Laurate S 
Dupoaol P C 

Gardinol L S 
Flake 

Gnrdinol W A 
IgeponT 


Wetting and 
penetrant 
Wetting and 
emulsifj’ing 
Wetting and 
detergent 
Wetting and 
detergent 
Wetting 


Corp. 

Laurie add «ter of dieth- Glj’co Products 
j’lene glj'col Co. 

Long c hain alcohol sulfate du Pont de Ne- 
mours & Co, 

Sodium sulfate of technical du Pont de Ne- 
o%l alcohol mours & Co. 

Sodium sulfate of technical du Pont de Ne- 
lanrj’l alcohol mours & Co. 

Condensation product of General Dj-estuff 
fatty add vrith amino Corp, 
sulfonic add (CuHa.- 
CO.NCHi.C!H^SChNa} 
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SYJrrHETic Wettkg Agents and Deteegents — Cor.iir.uci 


Kami 

Ihtrainine 

Inv^adine X 

K-25 

Lanitol 

ifaprafa poTT- 
der 


Use 

Wetting and 
detergent 
Wetting 

Wetting and 
detergent 
Wetting 

Detergent 


Mapromol porr- 
der 

ilerpol B 

Modinal Paste 
ES 

Modinal Paste 
ES 
X-25 

XacconoILAL 


Wetting 

Whetting and 
detergent 
Wetting and 
detergent 
Wetting and 
detergent 
Wetting and 
detergent 
Wetting 


Xaccxino] X R Wetting and 
detergent 

Xacconol Wetting and 

F S X O detergent 

Xeomerpin Wetting and 

detergent 

X O P C 0 10S6 Wetting 
B 

Xo\-onacco Wetting 


Xj-colene-3 

Oranap 

Penetrolin A 
Cone. 
Penneko 

Retra'von W 

Santol T 


Wetting 

Wetting and 
penetrant 
Wetting 

Wetting 

Detergent 

Wetting 


Chemical Kaiure Ifcnufcchrcr 

Sodnun salt of snlfonated S^'nlhetic Chen:- 
lauijd mjiistic collamide icals Corp. 
Sodium aitjd naphtlialene Ciba Co. 
suEonate 

High molecular amine con- E. F. Houghton 
densation product & Co. 

Sodium alkyl naphthalene Arkanss Co. 
sulfonate 

Sodium borosulfate of tech- Onyx Oil & 
D ca’ cetyl to octadecenyl Cbera. Co. 

alcohol 

Sodium borosulfate of tech- Richards Chem- 
nical octadecenyl alcohol ical Works 

Long chain alcohol suh'ate du Pont de Xe- 
product mours Co. 

Long chain alcohol suh'ate du Pont de Xe- 
product mours i: Co. 

Sodium sulfate of technical Procter fc Gam- 
octadecenyl alcohol fale, Inc. 

High moL iveight amine E. F. Houghton 
condensation product &. Co. 

Sodium laurjd sulfoacetate Xational Aniline 
fc Chemical 


Sodium alky] aryl sulfonate 


Sodium alkyl aryl sulfonate 


Co. 

X'ational .Aniline 
& Chemical 
Co. 

Xational Aniline 
S: Chemical 


Sodium alkjd naphthalene 
suEonate 
Ester suEonate 

Modified sodium alkyl 
naphthalene suEonate 

Alkyl aiyl suEonate 


Co. 

du Pont de Xe- 
moars fi: Co. 

X’aP’onal Oil 
Products 

X'adonal .Aniline 
& Chemical 
Co. 

New York Color 
& Chemical 


.“xidium alkyl naphthalene 
suEonate 

.Sodium alkyl naphthalene 
suEonate 

Sodium aUiyi naphthalene 
suEonate 

Sodium benzimidiazol- 
suEonate 

SuEonated aij-1 alcohol 


Co. 

Jacques ttoE A 
Co. 

ArJiansas Co 

John Campbell fc 
Co. 

Ciba Co. 

Charlotte Chem- 
ical hahorz- 


tones 
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S»-XEEXIC WErm.-G 


Nerx 

Use 

Sentomerse 

Wetting and 
detergent 

Sobadine G 

Detergent 

Sohadine -A L 

Detergent 

Solvadine X C 

Wetting 

Suliaitole 

Detergent 

Sulfater 

Detergent 

TergavonCSt.A 

Detergent 

Tetranol 

Wetting 

Titawetl T 

Wetting 

Triton X E 

Wetting and 
detergent 

Tritoa W-30 

Wetting 

Warcosol Paste 

Wetting 

Warcosol S97 

Wetting 

Xynotaine 

Wetting and 

Powder 

detergent 


Agexts axd Detesgex-is— C priin'JftJ 

Chtmicd Nature Manufaclurcr 

Sodium alkyl aij-l sulfonate Monsanto Chem- 
ical Co. 

.Aiyl alkyl sulfonate Ciba Co. 

.And alkyl sulfonate Ciba Co. 

Soi'um ^t of the sulfonic Ciba Co. 
acid of a petroleum hy- 
drocarbon 

Sulfonated fatty amide Warwick Chem- 
ical Co. 

Sodium alkyl arjd sulfonate L. Sonneborn 
Sons 

Sulfated fatty esters Ciba Co. 

Highly sulfonated fatty .Arkansas Co. 
ester 

Sodium alkjd naphthalene Titan Chemical 
sulfonate Products, Inc. 

Polymerized orgaruc alco- Rohm & Haas 
hoi nrith ether linkages Co., Inc. 

Sulfated ether Rohm St Haas 

Co.,Inc- 

Sodrum alkyl naphthalene Warwick Chem- 
sulfonate ical Co. 

Sulfated aliphatic hydro- Warwick Chem- 
carbon in pine oil ical Co. 

Sulfated boro amide ester Onyx 03 St 
of aliphatic compounds Chemical Co. 


Some sATithetic wetting agents also have detergent and 
water softening powers and Avill act in hard or soft water, 
acid, alkaline, or neutral solutions. 


Cosset \-nox Wetuxg .Agexts axtJ Deiesgexis Which AUy Be Heed as Snx 

ClX-AXSESS 


Xcm: 


ilar.uJcctitrcT 


Triton X E 
Xynomine Powder 
Gardinol L S & W .A 
Cerfak 

-Arctic SjTitea M 

IgepoaT 

Intramine 

K-25 

Merpol B 

Modinal Paste E S 

X-25 

Xacoonol X R 
Santomeise 
Hupoaol P C 


Rohm & Haas Co., Inc, 

Onya 03 St Chemical Co. 
du Pont de Xemours S: Co. 

E. F. Houghton S; Co. 
Colgate-Palmohve Peet Co. 
General Dyestuff Corp. 

Synthetic Chemicals Corp. 

E. F. Houghton S: Co. 
du Pont de Xemours & Co. 
du Pont de Xemours & Co. 

E. F. Houghton & Co. 

Xational Anihne St Chemical Co. 
Morissnto Chemical Co, 
du Pont de Xemours St Co. 



1208 


LOUIS SCHWARTZ 


Solvents 

Organic solvents are somethnes added to soap to increase 
its solvent power and aid in removing fats, oils, greases, and 
dyes from the skin. Soaps used to remove indelible inks and 
dyes often contain carbon tetrachloride, naphtha, dioxane, 
and other hydrocarbon solvents. Bentonite or any other col- ' 
loidal clay which has good detergent properties in itself is 
sometimes added to some soaps as a filler. 

Action of Detergents on the Skin 

Soaps and other detergents have a physical and chemical 
action on the skin itself. Alkalis dissolve the keratin and 
emulsify sebum, cholesterol, and skin fats. Neutral or acid 
wetting agents, detergents, and solvents act in a similar man- 
ner, except that they do not dissolve the keratin. Hence, the 
prolonged action of strong soaps, wetting agents, alkalis, and 
solvents on the skin vill result in dermatitis, the dermatitis 
occurring more quickly on dry skins than on oily or normal 
skins. 

In addition to this, some skins may become allergic to 
alkalis, certain fatty acids, their salts, the synthetic detergents, 
wetting agents, or organic solvents. All these facts must be 
considered in choosing the ingredients of a particular 
cleanser. 

The Requirements of an Industrial Cleanser 

The requirements of a normal industrial cleanser are as 
follows: 

1. It should be freely soluble in hard, soft, cold, or hot 
water. 

2. It should remove fats, oils, and other soil vtithout harm- 
ing the skin. 

3. It should not extract from the sltin its natural fats and 
oils. 

4. It should not contain harsh abrasives or irritant scrub- 
bers which not only will injure the sltin, but may also clog 
the plumbing. 

5. It should be handy to use if in cake form, or flow easily 
through soap dispensers if in granulated or powder form. 

6. It shoidd not deteriorate or become insect infested. 
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In order to meet these requirements, a normal industnal 
cleanser for general nse should consist of a superfatted neutral 
toilet soap, containing a averting agent or sjuitheric detergen^ 
and a soft scrubber Tvhich softens or dissolves in "water and 
does not clos the plumbing. It should contain a minimum of 
free ^IVali- and have a pH~of 1 0 or less in a 1 per cent solu- 
tion. It should contain no silica, quartz, pumice, or feldspar, 
nor any rosin fillers or organic solvents. 

Type jonrnih for an industrial skin cleanser for general 
use: 


Neotrsl toiler soap ^0 

Colloidal dav (Bentonite or Kieselgahr) 30 

Saatomerse (or other synthetic detergent) 10 

Lsnolin 3 

Perfume 1 


Mis colloidal dav and Santomerse. Hear soap and lanolin, and mis 
'tvifh the ahore. This mav be pressed into cake form, or 25 parts of com 
meal may be added to make up 100 parts and the mkrore then made 
into a powdered soap. A mixture of equal pans of potasaum-coconut 
oil soap and sulfonated castor oil to which 1 per cent of a samihetic 
deteigeat is added makes a good liquid deanser. 


Soaps for industrial cleansers should be sodium or potas- 
sium salts of stearic, palmitic, or oleic acids. Colloidal clay 
may be added because it is a harmless product which aids 
emulsification. In localities where the water is hard, water 
softeners or the sjmthedc wetdng agents and detersents 
should be added to the soap. WTien it is necessarv' to remove 
tenacious oils or greases from the skin, the addition of ground 
com meal or other soft cereal for a scrubber will aid the 
detergent action. 

If the soil on the sldn is difiScult to remove without exces- 
sive scrubbing which may injure the skm, it may be necessary 
to add one or more of the alkaVis, such as tmodium phos- 
phate, to the cleanser, '\\dien this is done, the soap should be 
superfatted uith lanolin to buffer the action of the on 
the sldn, and then lanolin should be rubbed into the skm 
after the cleanser is used. 


Although htheriTig does not necessarily add to the deter- 
gent powers of a cleanser, yet it is a property^ which workers 
d^e Coconut oil soaps lather well. Sulfonated castor oil 
Uurkey red oil) mcreases the lathering of soap. Moderate 
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amounts of alkali, colloidal clay, and perchlorethylene, when 
added to soap, also increase lathering. 

Cleamers for Soap-sensitive Workers.— who are 
soap- or alkali-sensitive or who already have chronic eczemas 
or dry fissured skins from the use of ordinary industrial 
cleansers should be provided wath cleansers other than soaps. 
This also applies to workers who are e,vposed to the organic 
solvents, cutting and other petroleum oils, all of which defat 
the skiiL 

Such cleansers can be made in solid cake form from mk- 
tures of synthetic detergents, with colloidal clay, kieselguhr, 
or meerschaum. Lanolin may be added to the cleanser for 
emollient purposes. 

Suggested formula: 

Nacconol (or Santomerse, Igepon or Duponol) ... 20 

Lanolin 3 

CloUoidal clay .76 

Perfume 1 

Alis and press into cakes of suitable size. 

Such cleansers can also be had in liquid form. Suggested 
formula; 


Neutral sulfonated castor oil 97 

Pure castor oil 1 

Santomerse (or other detergent} .... .2 


Cleansers to Reynove Hectograph or Indelible Special 

cleansers are made to remove the stains of indelible inks from 
the sldn. Such cleansers usually consist of soap, a wetting 
agent, added alkali, and an organic solvent, such as carbon 
tetrachloride, naphtha, or dioxane. They can be made in 
liquid form or in the form of a paste. In the latter form they 
may contain a scrubber. 

A suggested cleanser paste for the removal of hectograph 
or indelible inks is as foUow's: 


Soap 

Sulfonated castor oil . 
SjTithetic detergent . 
Trisodium phosphate 

Dio.xane 

Colloidal clay . . 


. 30 
. 16 
. 20 
4 
20 
. 10 


The use of this paste should be followed by rubbing into the skin a 
mixture of lanolin and cold cream as an emollient. 
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Ch^TiSsr to i? 677 ;oi'£ the StJtns of Dyss. To reniove Ae 
stains of dves. the hands can be soaked in a 1:500 solunon 
of pota^nin peimanganate for fire roinutes. ^d men in a 
solution of sodium bisulfite 1:100 until the stain or the per- 
nmsanate is removed. The hands should then be trasbed 
with a superfatted soap, dried, and a mkture of lanolin and 
cold cream, equal pans, rubbed into the skin. 

Ir.aredienls in Various Industrial Cleansers 
In order to enable the phj'acian to estimate the valne oi 
the rations industrial cleansers and their snitabiliDi* for use by 
workers trith normal, oily, dr}", or inflamed skins, manufac- 
turers of such cleansers were asked for the ingredients in 
their products. Information received is tabulated below. From 
this t^le an industrial pht-sidan or safen- director can intelli- 
gently choose the cleanser best suited to the needs of the 
workers under his care. 


Ccisosrstur or Visrors liorssrAi. Ssrc CirLOcsrss 



Sc-icrC'^-^-c' 

/npredrerir 


S>zb:j:z Co, 

La Grace 

Vecetab’e oil soaps, 
tasda ~erdr.g spI- 

foaated aaS veae- 

table scaabbtr 

G»d pairdersd 
soap dsaaser 




ASaSae parr- 

cersd soap 

Co. 


SnS rfrr"^ry»1 

G.H P--V 
■^ad Co. 

Ee3Tv I>2tr 

a— 

Ai*hvdiv:is soap, lorolin, 
csstor c!L tcira-sofian 

uvrDn**''>5-n'**‘:srp^ — 

Superfatted edfca- 
Eae pairdered 
deaaser 



pboraiale aad ccaarasal 


G. K. P— >- 
I'PPi Co. 

G.H.?cE:- 

Co. 




ras alsajjae .%SaSaa pa^r- 
acd v^e:ib!a nasals cared daacser 


Id^t Dart- Aahvcrcas scan and cEad 


Eit Craras^p AdhvdroTis saao 


! SD3.n 


=al?rja- 


oreaztsd cas- Soapless desassr 
ter c3, dieidere givtol, in cass o: cer- 
aaoatsaesraae cad ~Hte raaids ~ 
jetniircai 
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Composition op Vasiovs Jsdvsteiai, Sm CtEXsszss—CorMKu'd 
Manujoduref NctneBfOioriser IriredierJs RtirxrU 

H. Kirk White iliner’s Spedal Coconut o3 soft soap. Good liquid 
^ Liquid Soap inethyi cdltdost, sul/o- deanser 

Dated castor on and oils 
of dtronella and sassa- 
fras 

BTiite So^Tiite Hand Soap ponrder, sodium car- 
bonate, trisodium phos- 
phate, bicarbonate of so- 
dium, sodium bisuMte, 
chit of wheat and com, 
germ of wheat and com 
and oils of dtronella and 
sassafras 

Stearic add cream, soap, Cream to remove 
oil and oiganic solvent hectograph inh 


& Co. 


Cleanser 


Standard Jfait- Standard 
ing ilachines Cleansing 

Cd. Cream 


Strong deanser; 
alkaline; pow- 
dered 


Sugar Beet SBS-II Indus- Wetting agent, tetra-so- Strong deanser; 

Products Co. trial Shin dium rjanphosphate, ol- alkaline; pow- 

Cleanser ive oQ soap, palm oil dered 

soap, pine oil soap, so- 
dium sesqm’ carbonate, 
trisodium phosphate, 
pine oil treated com- 
meal and bentonite 


West Dianfect- Lan O Kleen 
ing Co. 


Sodium soap, lanolin, bo- A superfatted al- 
rax, trisodium phos- taline pow- 
phate, commeal dered 

deanser 


West Disinfect- Sulpho Hand 
ing Co. Cleaner 


Snlfonated castor oil, A good soaplcss 
wetting agent and deter- deanscrfot the 
gent tiisodium phosphate removal of oils 

and greases; 
may be used 
for do' 
and dermau'tis 


Pacific Coast Boraso 
Boras Co. 


Anhydrous soap and borax A mild alkaline 
powdered 
deanser 
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EFFECTS OF HIGH PRESSURES; PREVENTION AND 
TREATMENT OF COMPRESSED AIR ILLNESS* 


ALBERT R. BEHNKE, Jr^ M.D.f 


The fnndamental studies of Paul Bert,^ Heller, Alager, and 
von Schrorter." and Boycott, Damant, and Haldane,"^ as well 
as the vast body of experience derived from tunneling opera- 
tions particulaiiv in ISew York State, have given us a survey 
of the methods underlying the prevention and treatment of 
compressed air illness. 

During the past ten years sv'stemadc research has been con- 
ducted at the Harvard School of Public Health and at the 


Experimental Diving Unit. Navv* Yard, T'S’ashington, D.C., 
leadir^ to (a) the development of a highly effective method 
of creating compressed air illness utilizing oxv'gen, {V) the 
emplojTnent of helium to make possible deep-sea diving in 
excess of 400 feet, (c) a better knowledge of decompr^on 
based upon quantitative studies, and upon long exposures in 
compressed air, and (d) a specific method for testing person- 
nel with reference to susceptibilitv* to compresed air Ulnes. 

Recently a great deal of attention has been paid to trau- 
manc injur}* of the ear as a result of presure variation, and 
to lesions in bones and joints looked upon by some authors 
25 a specific complication of compressed air illness. 

^ Mention must be made also of the identical sjunproms asso- 
ciated uith caison disease that have been elicited durina 
rapid ascent in aircraft and in numerous rapid decompressions 
to simulared aitimdes of and above 30,000 feet in the low 
pre^ure chamber. 

If a better perspective is to be obtained of die principles 
MUerl}-ing the prevention and treatment of compressed air 
unes, consideration should be given to recent studies in the 


^ DOt to bs regarded ss aa oSdd'S'- 

F--ewoa o: Navy Depaitmsnt. u— caai ev- 

TliKtenact Coiniaiider, Medical Corps, Umad Sstes N'aw. 
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low pressure chamber which have shed new light on peren- 
nial problems. 

PHYSIOLOGIC EFFECTS OF PRESSURE 


Primary Pressure Phenomena 

Pressure per se in the range that concerns us is apparently 
without physiologic effect provided that equalization of pres- 
sure is effected -ndthour trauma in sinal and aural spaces. A 
pressure of 240 pounds per square inch can be applied to the 
body of a diver, or the pressure can be decreased to 2 pounds 
per square inch in the case of the aviator without demon- 
strable injury. 

If, on the other hand, the openings of air spaces in the ear 
and sinuses are occluded, then slight pressure variations in the 
range of 1 to 2 pounds (50 to 100 mm. Hg) per square inch 
elicit p ainf ul response and induce congestion, edema, and 
hemorrhage in the affected tissues. The cause of the occluded 
orifices is almost invariably related to chronic or acute infec- 
tion of the nasophar)^n.v. In the field of aviation the term 
aero-otitis media has been applied by Armstrong and Heim 
to the traumatic changes which are also typical of the injury 


produced in caissons. _ ■ u v. 

Temporary impairment of hearing is associated with the 
trauma, but a rapid spontaneous resolution of all symptoms 
takes place over a period of several days. The ewdence at 
hand indicates that pressure trauma does not cause deafness. 
Moreover, the comphcations of suppurative otitis media and 
pansinusitis are rare in my experience if individuals stay out 
of water. The pressure trauma, however, appears to create 
a favorable condition for the gromh of pathogemc organ- 
isms. Immediate exemption of individuals harbonng inlecnon 
of the nasopharynx from further pressure e.xposure has un- 
doubtedly kept our complications minirnal. 

Requarth® obsenmd that suppuration in the middle ear oc- 
curred in twelve out of 400 caisson workers complaining o 
pressure trauma and with the exception of a small pcr^nta 
of men infection was present in the respiratory tract, 
inhalation was of some value in alleviating s)^mptoms but the 
evidence is not conclusive. 
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Divers -nith occluded eustachian tubes show about Ae 
same resistance to pressure increase irrespective of whether 
the atmosphere is air or a helium-ox}'gen mixture. It is not 
likely that helium penetrates the occluded tube faster than 
nitrogen, but possibly there is a more rapid diffusion of 
helium into the blocked space by way of the circulating 
blood. 


Effects of Increased Partial Pressure of Gases 


The more important physiologic phenomena incident to 
changes in pressure are related to the propert}' possessed by 
gases of diffusing into the body when the atmospheric pres- 
sure is increased, and to the difficult}’ in their removal when 
the pressure is subsequently lowered. 

Nitrogen Absorption and Elimination Cnrve.—Tht manner 
in which atmospheric nitrogen diffuses into or out of the 
body by means of the circulating blood is indicated b}' the 
graph shown in Fig. 175. The values represented on the graph 
were obtained b}' rendering the body free of dissolved 
nitrogen during the inhalation of oxi'gen. From nine to twelve 
hours are required for complete desaturation as far as can be 
determined by measurements but considerable variabilit}’" is 
to be expected on the basis of variation in fat content of 
different individuals. 

The substances in the body absorbing nitrogen are the 
fluids and the fat, in the ratio of 1 to 5. Hemoglobin also 
absorbs a small quantity of nitrogen. Since bone marrow con- 
tains about 90 per cent hpid substance and the spinal cord 
about 27 per cent, the nitrogen uptake by these tissues is of 
great importance. 


Exercise increases the rate of gas elimination. However, the 
value of exercise is chiefly during the first thirt}- minutes 
when the inert gas is diffusing from body fluids". Exercise 
probably does not greatly influence the elimination of inert 
gas from the fat depots of the body. 

At each atmosphere of increased pressure the absorption of 
mtrogen ^-iU Mow the cmv^e (Fig. 175), and the quantin^ 
absorbed wiU be a simple multiple of pressure corrected for 
the time of exposure. 
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Physiologic Reactions Associated with the Inhalation and 
Absorption of Beginning at a pressure of 4 atmos- 

pheres nitrogen acts as a narcotic substance to depress neuro- 
musciJar activity. At a pressure in excess of 10 atmospheres, 
consciousn^s may be lost. This remarkable propert)’ of mtro- 
gen is consistent with the Aleyer-Overton h}T)othesis relating 
narcotic action to solubility in lipid substances of the central 
nenmus sj’-stem. 

The substitution of helimn for nitrogen aboh'shes or renders 
negligible the narcotic effects of pressure, and an individual 



Fig. 175.— Solid line sho'\\’s nitrogen elimination from a young lean man 
weighing about 60 kilograms. The nitrogen in the body is soluble in fat 
and fluids. The elimination or absorption of this nitrogen ■n-i’th changes in 
barometric pressure is represented by the hjpotherical, broken-line curves 
on the graph. (Am. J. Phj’siol, ff'#- 138, 1935.) 


breathing a helium-o.xygen mixture feels nearly as well at a 
pressure of 16 atmospheres as he does breathing air at normal 
barometric pressure. 

Resistance to the inhalation of compressed air is increased 
roughly in proportion to the square root of the density. In 
the diving suit or pressure chamlier up to 10 atmospheres the 
increased resistance is scarcely percepdble to the healthy 
individual. However, if respiratory appliances ^e worn, the 
increased weight of the ah* may prove to be a limiting factor 
in their use. 
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Br contrast, inkjJjtion of oxyg^ h effordesp in tbe W 
presure chamber at amulated aldcndes of 30,000 feet. The 
absence also of the nitrogen pressure effect and the ea^ -with 
-R-hich any s>-mptoins of aeroembolism may be created make 
acnvic'' in the lovr pressure chamber a matter of ease com- 
pared Vith the impediments encountered in high pressure 


atmospheres. _ - j - r • 

Increased hwiddity accompantung the introducaon or air 
under prKsure is due to the concomitant rise in temperature, 
since the capadti" of air to hold moisture is a function of 
temperature and not of pressure. High temperature combined 
ivith the high humidity have brought about debilicating 
faiisue during prolonged exposure in compressed air. 


RescHcns Assodafed with High Pressure of Oxygen 
The increased partial pr^sure of oxygen in compressed air 
is capable of producing pulmonary damage. F. J. C. Smith 
and his associates^ found that at a pressure of 4 atmospheres, 
partial presure of -oxj'gen equivalent to 83.6 per cent of one 
atmosphere, adult rats developed active ht^peremia and acute 
edema of the lungs vrith a mortality' of 13 per cent in three 
days. In the lower animals there is no question as to the toxic 
eSects of oxi-gen pressure of about 70 per cent of one atmos- 
phere. Frolonged residence in compressed jir then is Ibmted 
to a pressicre of about 3 atTjiospkeres absolute. 

In the ISav}' an important advance in the field of diving 
nis been the emplojunenc of oxygen for the prevention and 
treatment of compressed ^ Blness. During rescue and salvage 
operations connected -Rith the TJJSJS. Squalus disaster, the 
adnumstration of ox>'gen constituted a hfe-saving measure. 
It IS important, therefore, to know man’s tolerance to the 
inhalanon of pure oxj'gen. 

Tolerance to Inhalation of Pure Oxygen.— At sea-level 
preEtT/re period of time that pure oxt'gen can be safely 
b^Aed is a matter of controvers}'. AlthoWh the tolerance 
or the moxemic parient may be 'greater Aan that of the 
hedtny individud. we find that healthy men frequently do 
nor tolerate the inhalation of pure oxs'gen conrinuously for 
penods m excess of seven hours. In recent tests the tim'e has 
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been exten^fd to seventeen hours but there are some indi- 
viduals who are sensitive to oxygen and one man developed 
manifestations of allergy. Irritability is a common sy’^mptom. 
It should be pointed out tliat periods of intermission when air 
is breathed, or a decrease in the percentage of inhaled oxygen 
greatly extends the tolerance time. 

At a pressure of 3 atmospheres pure oxygen can be inhaled 
for a period of three hours. Symptoms indicative of pul- 
monary irritation do not arise but during the fourth hour of 
inhalation there may occur a rise in blood pressure, increase 
in pulse rate, and a contraction of the visual fields. Pallor may 
be extreme. Periodic waves of nausea constitute the most 
common subjective manifestation of oxygen toxicity. In 
diving operations, therefore, the working pressure for oxygen 
is limited to turn and one half atmospheres. 

At a pressure of 4 atmospheres oxygen usually can be 
safely breathed by men at rest for a period of thirty to fortj’- 
five minutes. In excess of this period convulsive seizures or 
syncope may occur. While the nenmus manifestations of 
oxj^gen to.xicit)’' are alarming, apparently complete recovery 
follows when air is again inhaled. 

If pure oxv’^gen is inhaled during exercise at 3 atmospheres 
pressure, the tolerance time is greatly reduced. Pedalling a 
bicycle at a rate sufficient to increase normal o.xygen con- 
sumption three-fold limited the inhalation of o.xj^gen to a 
period of about tu'enty minutes. This exercise test is valu- 
able in determining the oxj'gen tolerance of a given indi- 
vidual. It also provides a clue as to the nature of oxj'gen 
poisoning. 

Fortunately these limits defining man’s tolerance for 
oxygen permit this gas to form an essential part in the pre- 
vention and treatment of compressed air illness. 

The Effect of Carbon Dioxide 

Carbon dioxide enhances the toxicity of ox}’'gen and the 
narcotic effect of nitrogen. In the diver’s helmet the per- 
centage of carbon dioxide must be reduced to a minimum. It 
was undoubtedly an increased percentage of carbon dioxide 
in the diving helmet that rendered operation in compresse 



EFFECTS OF HIGH FBESSEiKES 


1219 


air impracticable in connection nrith the salrage of the VS.S. 
Sqyjliis.' 

In combinarion nith high oxygen prepares, carbon dioxide 
has been responable for loss of consciousness on several 
casions followed by a maniacal type of reaction during die 
recoverv of consciousness in the recompression chamber. On 
one occasion smular SNTnptoms conid be atcribured to the 
eSect of carbon dioxide itself. 

lllth respect to work in compressed air a higher incidence 
of ‘hends" has been associated with a rise in the carbon diox- 
ide level. At atmospheric pressure a percentage of 1.5_is well 
tolerated by slighdy acdve individuals for periods of forty- 
eight hours. Higher percentages invariably cause headache. 
At hig her pressures the percentage must be correspondingly 
reduced so that the partial pressure does nor exceed 1.5 per 
cent of 1 atmosphere. In the diver's helmet the attempt is 
made to reduce the partial pressure of carbon dioxide to a 
value equivalent to 0.1 or 0.2 per cent of one atmosphere. 

The Velus of Helium 

A notable advance in deep-sea diving making possible the 
salvage of the USS. Squjlus at a depth of 240 feet was the 
introduction of helium as a substituce for nitrogen in the 
divers gas supply. Essentially practical (hving operations 
have been increased from the physiologist's point of view 
from a depth of 150 feet to a depth of 500 feet. 

The advantage of using helium is derived from its proper- 
ties which (a) render negligible the narcotic effect of nitro- 
gen. and (b) reduce solubilitv' in fat compared with nitrogen 
m ratio of ] to 4.5. The importance of this second propeny- 
wiU be discussed in a subsequent paragraph. 

COMPRESSED AIR ILLNESS 

The Pro £j/e;;j.— Rapid decompression after sufficient ex- 
posuro in compressed air may give rise to the formation in 
^e blood stream of bubbles composed chieflv of nitrogen 
together with small quantities of water vapor, cirbon dioxfde 
some oxj-gen. These emboli deprive tissue of normal 

ood supply to elicit characteristic s}-mptoms of pain 
-sphjwia, and occasionaUy paralt-sis. The si-mptoms occiw 
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either singly or in combination and indicate that the areas for 
bubble formation and accumulation are veins, right chambers 
of die heart, pulmonary vascular bed, spinal cord, and the 
bones, especially bone marrow. Treatment aims at the re- 
moval of the emboli in the shortest possible time in order to 
miniiMe injury particularly ivith reference to the spinal cord 
and right ventricle. 

Etiology, Symptomatology 

Until further proof is adduced there is no reason to accept 
any other explaniition for the cause of compressed air illness 
than Paul Bert’s classic observation embracing the theor}* of 
nitrogen embolism. 

In* AN*nLA.LS.— Swindle® describes agglurinadon of the 
erythrocytes inddent to rapid decompression. End® confirms 
this observarion in lower animals. In anesthetized dogs rapidly 
decompressed from high pressure atmospheres, one obsen-es 
that gas bubbles move through arteries and veins. As the 
number and size of the bubbles increase, blood flow slois's 
do\ni and ceases entirely. 

Embolic interference with blood flow elicits a pathogno- 
monic triad of symptoms consisting of rapid respiration, fall 
in blood pressure, and decrease in pulse rate. These s)*mptoms 
are primarily attributed to asphyxia arising from massive pul- 
monary embolism.^'’ This conclusion is substantiated by anal- 
yses of o.xygen content of blood showing a marked reduction 
in the percentage saturation of both arterial and venous 
hemoglobin (Table 

The most remarkable Ending, however, was the occur- 
rence of hemoconcentration shown by increased oxygen 
capacity of blood (Table I). In some rests it amounted to as 
much as 30 per cent. The cause of hemoconcentration was 
thought to be due to a Joss of fluid through capillaries dam- 
aged by asphyxia and possibly an increased mobilization of 
red blood cells from the spleen. Essentially a condition of 
shock supen'enes. The blood, moreover, was difficult to 
draw because of the tendency to clot. In histologic sections 
of the lungs, cell packing in blood vessels was prominent. 
Asglutination was not obsen’ed. 
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It must be borne in mind that complete recovery foUo^ 
the proper treatment of compressed ^ illness provided mat 
paralysis does not develop. This fact is a priori evidence that 
asslutinadon and appreciable parenchymal damage from 
intra- or inter-cellular cavitation do not take place. In rapid 
decompression simulating ascent to high altitudes, bubbles 
have been demonstrated in cerebrospinal fluid and in joint 
spaces. It is not considered likely that such estravascul^ 
accumulation of gas plaj's an etiologic role under the condi- 


T.tBLE 1 


AXAnSB 0? OXTGEX COXTEKT OT BdOOD SSOJI A>rESTHETIZED DoCS RAEIDLV 

I>EC0iiP32SSED movi High Peessuee Ahiospheees* 



dons in which men, in contrast ivith lower animals, are de- 
compressed from high pressure atmospheres. 

Apart from asphjTda and its complicadons, paralysis usu- 
ally m the form of spastic paraplegia of the hind extremities 
Tvas observed in dogs. Foot drop, paresis of hind limbs, and 
gemto-umarv' disturbances were occasionally manifest. That 
me spin^ cord rather than the brain is primarily involved, is 
evident from the older studies. 

^ hUx.— From these controlled experimental data one 

of the sjmiptomatolog}' in man. 

P-}x:a or chokes” is usually manifest by shallow, rapid 
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respiration, dyspnea, and cyanosis, or by a pale, ashen gray 
appearance. Visual disturbances of an asphjodal nature are 
not infrequent. 

We have noted that an early sign indicadve of bubbles in 
the pulmonar}’ vascular bed is a sensation of mbstemal dis- 
tress, especially during deep inspiration, v'hich elicits the 
cough refle.v. In this condirion habitual smokers are unable 
to tolerate the inhalation of tobacco. 

The incidence of paralysis, while at present rare compared 
with the old reports, is the most serious complication of com- 
pressed air illness. The manifestations in man are similar to 
those observed in dogs, and indicate ischemic involvement 
and necrosis particularl)’- of the thoracolumbar segments. 

Residnal injziry pointing to involvement of the spinal cord 
is seen among the older sponge fishermen of Florida who 
have not had access to proper recompression treatment. 

Demonstrable injury of the cerebrtnn in contrast with the 
spinal cord, and apart from asphyrial damage, is rare. Meni- 
ere’s syrndrome w^as described not infrequently in the older 
reports and is thought to be due to embolic deprivation of 
blood supply to the inner ear. It is certain that pressure 
trauma does not cause the entity.* 

The most common manifestation of compressed air illness 
is a dull, aching type of pam, shifting in character, and fre- 
quently felt in the joints, or deeply in muscles and bones. 
Pain or pains of this nature are referred to as bends, a term 
established by usage to denote a well recogmzed clinical 
entity. 

A most Ukely location giving rise to bends is bone, par- 
ticularly the marrotv tvith its high absorption coefficient for 
nitrogen. Furthermore, the sluggish, sinusoidal type of circu- 
lation in the marrow and the natural obstructions to the exit 
of bubbles possible only through the dichotomous branches 
of a vein traversing the rigid-xvalled cortex sen’e to make the 
bones a trap for gas bubbles disseminated from the general 
circulation or forming in situ in the marrow spaces. From 

* It should be pointed our here that there is an urgent need for a studj 
of the histologic changes produced in the central nervous ^•stcm as a 
result of rapid decompression. 
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the point of viexr of body economy the bones constitute the 
weak organ that renders man unsuited for long exposures m 

compressed air. - - r j c 

That bubbles are present in the marrow is ntierred trom 

the intensified pain experienced by some patients during 
early recompression. This type of pain is believed to arise 
from a difierence in pressure or an actual squeeze of bone 
marrow tissue during the too rapid compression of bubbles 
to allow the body fluids to replace the suddenly diminished 
gas volume ivithin the bone cortex. 

Recent reports of characteristic lesions in bone appearing 
in caisson workers support the view that the s^Tnptoms giv- 
ing rise to bends originate in part certainly from ischeijiic 
changes in bone. Kahlstrom, Burton, and Phemister,^” Coley 
and Moore, and Rendlich and Harrington^^ describe lesions 
in diaphyses and epiphyses of long bones complicated by 
joint involvement and attributed to aseptic necrosis of bone 
or interference ndth nutrition occurring secondary’ to the 
interruption of blood supply by liberated nitrogen gas. 

However, the etiologic relationship between the presence 
of these lesions and embolic injuiy’’ must be corroborated by 
additional findings and animal experiments before final con- 
clusions can be drawn. In divers suffering repeatedly from 
e^erimental bends, Lieut. Walter Welham, (M.C.), U. S. 
Navy, and the writer found no characteristic lesions in a 
roentgenologic study at different periods following injur}*. 

Some factor such as multiple, repeated injur}'-, concomitant 
infection, or anomalous blood supply must operate in con- 
junction -nith embolism to produce the described changes. 
The analogy that may be drawn to the relationship between 
the ingestion of alcohol and cirrhosis of the liver suggests that 
an integrative analysis is required to evaluate the findings. 

That interference of gas emboli trith the blood supply to 
muscles may also form part of the picture of bends appears 
probable from the effects of too rapid decompression in a 
heh^ atmosphere. The decreased solubilin- of helium in fat 
renders the incidence of bone lesions less likely than the in- 
cidence of these lesions following air decompression. 

Fatigue is a symptom of especial interest which may be 
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prodromal or subsequent to bends. In experimental border- 
line decompressions, fatigue is frequently the first sign of 
excessive bubble formation. In association wth bends, 
fatigue may take the form of an exhausting malaise combined 
with chills, fever, and sweating. 

Minor symptoms as skin rash and pruritus occur with regu- 
larity if the skin is chilled during decompression. 

It is important to bear in mind that the onset of syviptovis 
may be delayed as long as twelve hours following decom- 
pression and that sudden collapse may occur \vithout warn- 
ing in an apparently well individual three or four hours 
following decompression. The failure to consider these prob- 
abilities has led to inexcusable errors. 

The following diagram may clarify the symptomatology 
of decompression embolism: 
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Our deep-sea divers have e.xperienced symptoms during 
simulated ascents to high altitudes identical with the bends 
characteristic of compressed air illness. 


Diagnostic Considerations 

Since intravascular bubbles have access to every part of the 
body, one must be aware of the protean nature of compressed 
air illness. The diagnostic rule is to regard every unexplained 
symptom following work in compressed air as caused by 
bubble formation. Serious errors have been made by not 
applying recompression at least as a diagnostic procedure. ^ _ 

On the other hand, patients have developed appendicios 
during decompression, and a fracture of tlie neck or t e 
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femur was said to have been overlooked in a patient treated 
for compressed air illness. 

Principles Underlying ihe Prevenfion of Compressed Air Illness 

The prevention of compressed air lUness depends upon the 
elimmation of vitrogen absorbed during exposure to increased 
barometric pressure ndthout excessive bubble formation in 
the blood stream. 

From Fig. 175 it is observed that about 75 per cent of the 
total body nitrogen is eliminated at a comparatively rapid 
rate and hence does not usually contribute to the formation 
of bends. There appears to be, however, a relatively small 
amount of gas in the fattj’' bone marrow that requires many 
hours for proper elimination. 

At a depth of 90 feet, for example, 10.5 hours of air de- 
compression v'ere required following a nine-hour exposure 
(probable saturation). On the other hand, a two-hour ex- 
posure (75 per cent saturation) at the same depth required 
only fift>*-nine minutes for decompression (Table 2). Nine 
and one-half hours were therefore required for the dissipa- 
tion of the remaining excess gas amounting to but 25 per cent 
of the total present in body tissues. 

From our point of view the body may be compared nith a 
mixture of water and fatty material contained in a beaker. Of 
the fat an important fraction is surrounded by bone repre- 
senting marrow and spinal cord substance. This bone-con- 
tained fat may be considered as lying in the bottom of the 
beaker. 

If the contents of the beaker are now exposed to a high 
nitrogen pressure for a short period of time and then quickly 
returned to atmospheric pressure, diffusion of nitrogen -will 
mke place from the water into the surrounding air and also 
into the unsaturated water and fat. Follouong short exposures 
me partially saturated fat appears to act as a buffer against 
u ble evolution. By contrast, after long exposures the large 
r^enmir of nitrogen in the saturated fat constitutes the pre- 
disposing cause to embolism. The nitrogen mthin the bone 
moreo\-er, tvill require many hours for removal. 

\\ ith reference to the matter of tolerance for abrupt re- 
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dtictions in pressure, the body may be exposed to a compres- 
sion of 4 atmospheres for a period of tvventy-seven minutes 
followed by a rapid decompression to the normal level in nvo 
minutes. A period of ninety minutes, however, at the same 
pressure and followed by the same period of decompression 
would prove fatal. 

The nitrogen absorbed in the early part of decompression 
and presumably dissolved in the body fluids is therefore 

TABLE 2 


Chamber Decompression’ Foleowin’g Prolonged Exposure in Compressed Atr 


Simulated 

Depth 

(Feet) 

1 Exposure 

Time 

(Hours) 

Decompres- 
sion Time 
(Minutes) 

Remarks 

30 

12 

1 

No sjuiptoms 

oS 

5 

1.5 

No symptoms 

3S 

7 

1.5 

No sjTnptoms 

Bends 3 hrs. following decompression 

38 

9 

1.5 

3S 

9 

1.5 

Xo s>Tnptoi]as. Oxygen 6 hrs. at surface 

38 

12 

1 5 

Bends 2 5 hrs. folloiring decompression 

38 

12 

1.5 

Xo ^Tnptoms. 6 hrs. at surface 

60 

6 

69 (.Air) 

No siinptoms 

60 

12 

237 (Air) 

Bends 10.5 hrs. foUmring decompression 

60 

12 

311 (Air) 

No sjmptoms 

Diver C. 



^ Oxj'gen 2.2 his. at surface. Nosj-mploms 

60 

12 

79 (0;) , 

Diver C. 

60 

12 

79 (0.-) 

O-Vj'gen 4.3 hrs. at surface, bends 5 hrs. 
following decompression 

Diver S. 



No sjmptoms 

90 

2 

59 (Air) 

90 

6 

310 (.Air) 

No sjuiptoms 

90 

9 

45S (.Air) 

Bends 2 his. following decompression 

Diver S. 

90 

9 

583 (Air) 

Bends 1 hr. foUoiving decompresaon 

90 j 

9 

638 (Air) 

No sjinptoms 


readily eliminated by any method of decompression. In the 
rapid drop from 4 to 1 atmosphere, a degree of supcrsatura- 
don appears to be tolerated by the body approaching a rano 
of 4 to 1. Bv contrast, when the body is saturated at a pres- 
sure of 4 aunospheres, requiring a saturadon period of nine 
to twelve hours, a rado indicadve of supersaturanoii ot om> 
1.2 to 1 vdll not hold throughout the whole penod of decom- 
pression. 
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Furthermore, during rapid decompression m the low pres- 
sure chamber, apparently ratios between the pressure of gas 
in the body and the ambient pressure of 3 to 1 or even 4 to 
1 exist, j.e.j 1 atmosphere to 0.33 atmosphere or to 0.25 atmos- 
phere. 

On the basis of these facts the degree to winch the body 
appeais to hold gas in a state of supersaturation is velcttiuS and 
depends not only upon the degree of saturation but also upon 
the pressure level. 

TABLE 3 


Peessos SHins .v® Inxesvais or Woes ros E.\ch TvxxTV-rora-Eotn?. Pesiod 
(Sett York State Tables) 


Presrure 

Hours 

Colnna 1 

Colnmn 2 

Column 5 

Column 4 

Column 5 

Column 6 

Jlininam 
Xuinbsr of 
Pounds 

Ma-wnum 
Xumber o! 
Pounds 

Marimum 

Total 

Ha-timum 
First Shift 
in Com- 
pressEd .4ir 

hlinimum 
Rest Inter- 
\'al in 
Open.4ir 

Maodmum 
Second 
Shift in 
Compressed 
Air 

Xonnal 

IS 

tBM 


1 

4 

IS 

26 



1 

3 

26 

53 



2 

-} 

Ov"* 

3S 


11 

3 

u 

?s 

43 

2 

1 

s 

1 

45 

4S 

u 


5 

3 

4S 


1 

1 

6 

X 


Application of Physiologic Principles.— The. important con- 
sideration is not master}' of a method of computing the 
decompression table on the baas of a ratio but rather the 
acquiation of an understanding of the basic physiologic prin- 
ciples of which one of the most important is the realization 
of the difficult}' in getting e.vcess nitrogen out of fatt}' tissue, 
especially the bone marrow. 

From the point of view of field practice this difficult}* has 
been overcome by progressively limiting the time of e.v- 
m compressed air as the working pressure is mcreased. 

rln ^ ^ (Table 3) represent the culmina- 

non of this type of experience. 
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If it is desirable to increase worldng rime at higher pres- 
sux^ three methods resting on a sound physiologic basis are 
available: (1) keep workers in a compressed air atmosphere 
for prolonged periods of rime followed by slow decompres- 
sion, (2) employ helium-oxj'gen mixtures in place of air, (3) 
employ ox>'gen during decompression. 

I. Prolonged exposrires in compressed air for periods of at 
least seven days at pressures of 30 pounds gauge have been 
made repeated)*. From the point of view of physiologic 
response and work output, the attempt to decompress men 
twice daily is not only potentially dangerous bur highly un- 
economicd. 


At a pressure of SO pounds gauge, for example, the work- 
ing time is under present conditions necessatiy limited to 
about forty-five minutes. This rime could be e.xtended for a 
period of hours depending upon the capacitj^ of individuals 
for work, were not the danger of bubble formation imminent 
follou'ing even long periods of decompression. 

It would appear advisable therefore to keep men at work 
on a job continually imder pressure. Following a work shift 
at maximom pressure, the pressure could be lowered rapidly 
to between 20 and 30 pounds and maintained at this level 
during the rest and sleep period. The final decompression 
prior to emergence into a normal atmosphere would be um- 


form over a period of eight to m-entv'-four hours. 

2. Paine of Heliuvi-Oxygen Mixtnres. Since the objection 
to long exposures lies in Ae difficult}' of eliminating the gas 
dissolved in fatty substance, the employment of helium with 
its low solubihty coefficient in fat would appear to be ideal. 

In diving tests, following short exposures in the compressed 
helium-oxj'gen or air atmosphere, the body fluids are well 
saturated vdth either gas and no particular advantage in de- 
compression accrues from the use of hehum (Table 4). Fol- 
lowing long exposures, decompression rime may be reduced 
as much as 75 per cent. Part of the redaction in decompres- 
sion time is brought about by the mhalarion of oxy’gen at the 
lower decompression stops, but the important factor is the 


lessened uptake of helium by fat. ■ , c c . 

In altitude test runs oxv'gen inhalation for a penod of n\ c 
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hours is required under certain conditions to prevent aero- 
embolism. If the body nitrogen be removed and helium snb- 
snrated, the time for ox^'gen inhalation can be reduced to at 

least ninet}' minutes or a reduction of 70 per cent. 

I^Tiether or not the employment of helium is practical in 
caisson work depends upon the development of a method of 
economical administration. 

In deep-sea diving exposures are usually short and the ad- 
vantage derived from helium is that it renders unimportant 
the narcotic effect of nitrogen as demonstrated in the U.S.S. 
Sqmliis salvage operations. 


TABLE 4 


Coiff.vasov or Toiai, Decompression Time Foixoming Expostoe in Com- 
pressed AND Exposure in a Heutm-Oxegen Aimospheee 


Depth (Feet) 

ExposDie 

(Minutes) 

1 

Decompression CMinutes) 

Air 

1 

Helium-Osj’gen 

90 

100 

50 

1 75 

90 

180 

... 

77 

90 

360 , 


79 

90 

540 


79 

150 

SO 

141 

121 

150 

ISO 


126 

150 

360 


12S 

200 

65 

217 

154 

200 

90 

... 

164 


3. Vahie^ of 0.rjge7/.— Essentially oxygen inhalation per- 
fmts the elimination of an inert gas at a maximum pressure 
head as shown by the graph (Fig. 175), and at a pressure 
Jerel sufficiently high to prevent injury from massive bubble 
evolution. 

During the past three years the Nary has used ox>^gen 
routinely m heUum-ox)^geD diinng during the latter part of 
the decompression period beginning at the 60-foot level, 
n air dning the British have had a great deal of experience 
inth oxygen inhalation and the reader is referred to the book, 
A Sybrnarine Operations,” by Robert H. 

. A reduction m decompression time of about 40 per 
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If it is desirable to increase working time at higher pres- 
sures three methods resting on a sound physiologic basis are 
available: (1) keep workers in a compressed air atmosphere 
for prolonged periods of time followed by slow decompres- 
sion, (2) employ helium-ox)’’gen mbttures in place of air, (3) 
employ oxygen during decompression. 

1. Prolonged exposures in compressed air for periods of at 
least seven days at pressures of 30 pounds gauge have been 
made ^epeatei)^ From the point of view of physiologic 
response and work output, the attempt to decompress men 
twice daily is not only potentially dangerous but highly un- 
economical. 

At a pressure of 50 pounds gauge, for example, the work- 
ing rime is under present conditions necessarily limited to 
about forty-five minutes. This rime could be extended for a 
period of hours depending upon the capacity of individuals 
for work, were not the danger of bubble formation imminent 


foUovfing even long periods of decompression. 

It would appear admsable therefore to keep men at work 
on a job continually under pressure. Following a work shut 
at maximum pressure, the pressure could be lowered rapidly 
to between 20 and 30 pounds and maintained at this le'c 
during the rest and sleep period. The final decompression 
prior to emergence into a normal atmosphere would be uni- 
form over a period of eight to twenty-four hours. 

2. Value of Helbnn-Oxygen Mtxtiires.-Sanct the objecnon 
to long exposures lies in the difficult}^ of eliminating the g^ 
dissolved in fatt)- substance, the employment of helium with 
its low solubility coefficient in fat would appear to be ideal. 

In diving tests, foUoving short exposures in the compressed 
helium-oxygen or air atmosphere, the body fluids are wc 
saturated vdth either gas and no particiflar ^ 

compression accrues from the use of hehum (Table )■ 
lowing long exposures, decompression rime may be reduce 
as mimh as 75 per cent. Part of the reducnon in ‘^ecompr^- 
sion rime is brought about by the inhalanon of oxygen J th 
lower decompression stops, but the important factor 

lessened uptake of helium by fat. • j „<• fi.-r 

In altitude test runs oxygen inhalanon for a penod 
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of carbon dionde in the compressed atmosphere, have been 

discussed in previous paragraphs. 

Bjnger of Too Rapid Ascent to the First Stop.- 1 he 
tendency in diving is to bring men too rapidly to die fipt 
stop which usually is at one halt the depth compared Midi 
the oriainal level. This procedure leads to the_ inidarion of 
the bubble state in the early part of decompression when the 
pressure head of gas in the tissues is highest. 

Samiptoms indicarive of embolism have appeared during 
helium-owgen diving at depths of ISO and 90 feet on two 
occaaons foUoning too rapid ascent from depths in excess of 
300 feet. At present for helium-ox^'gen diving the rate of 
ascent is limited to 25 feet per minute and an arbitrary* period 
of seven minutes is taken at the first stop in order to permit 
the blood to transport to the lungs the large amounts of 
helium diffusing into the blood stream. 

It has been possible to show by actual measurements that 
too rapid decompression in the early stages leads to an accu- 
mulation of gas probably in bubble form so that equal quan- 
tities of gas are eliminated during each of the first two 
thirn'-minute periods; if the blood stream is not overloaded, 
about two and one-half rimes more gas is ^ven off during 
the first thirn'-minute period compared with that eliminated 
during the second period (Fig. 175). 

In air diving the reduction in rate of ascent to the first 
sop from 50 to 25 feet per minute greatly reduced the 
incidence of embolism manifested by the occurrence of pru- 
ritus and rash. 

Selection of Personnel. — A routine physical examination 
may not be adequate to determine those individuals who are 
quailed for M'ork in compressed air. We therefore employ 
specific pressure tests for the selection of fitted men. 

II'iA reference to patency of auditor}- tubes and presum- 
ably freedom from infection of the upper portion of the 
respirator}- tract, the unmediate application of a pressure of 
hve p^ds in the chamber will serve to select the qualified 
men. The assumption is made that the men have previouslv 
been instructed in the matter of “clearing their ears.” Inspec- 
tion of the n-mpanic membrane following the application of 
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cent is effected by the employment of oxj’^gen according to 
British experience. 

FoUo^ving prolonged exposures in compressed air at com- 
paratively shallow pressure-depths we have had the oppor- 
tunity to test the value of oxygen and some of the data arc 
recorded in Table 2. Under the conditions of these tests the 
long exposures in hot compressed atmospheres brought on 
fatigue which seemed to render variable the susceptibility of 
men to bends. 

In one test the inhalation of oxygen for a period of 
seventy-nine minutes in the compressed atmosphere was ade- 
quate for decompression. In another similar test the same 
individual developed bends. Finally the oxA’gen decompres- 
sion period had to be increased to one hundred and sLxty- 
one minutes for the saturation exposure of twelve hours at a 
simulated depth of 60 feet. Hov'ever, the corresponding 
decompression period in air was three hundred and eleven 
minutes. 

The data in Table 2 demonstrate the value of ox)'gen in- 
halation following decompression at the surface level. Thus, 
the depth could be increased from 33 to 38 feet provided 
that oxygen v'as inhaled following abrupt decompression to 
the surface. 

The conclusions dravTi from these tests is that a con- 
siderable reduction in decompression time is brouglit about 
by oxx’^gen. On the other hand, the occurrence of bends 
foUovdng a period of oxx’gen inhalation of ninety minutes 
during the initial stage of decompression demonstrates again 
the difBculty'^ in getting rid of the comparatively small resid- 
ual fraction of nitrogen in slowly desaturating tissue (bone 
marrow). 

Oxygen inhalation undoubtedly serves its best purpose in 
preventing the serious symptoms of compressed air illness and 
its chief value lies in clearing the blood stream and bod)' 
fluids of the e.xcess nitrogen. 

Further Principles Underlying the Prevention of Com- 
pressed Air Illness— The value of exercise in promoting a 
more rapid elimination of nitrogen during the early parr of 
decompression, and the danger inherent in the accumulauon 
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4. Careful selection and the maintenance of personnel in 
good physical condition- 

Treahnent of Compressed Air Illness 
The prime requirement in treatment is the rapid restora- 
tion of nonnal blood supply by compression and absorptioti 
of the obstructing gas emboli. Behhke and Shaw® formulated 
a procedure of recompression utilizing oxj'gen, based on 
laboratory experiments (see Table 1) and later Yarbrough 
and Behiie^® applied the principles to field practice. 

In repeated treatments administered by this method inci- 
dent to experimental diving and in submarine salvage opera- 
tions, no significant change in procedure from that outlined 
in the original papers has been made. It has proved to be 
satisfactory'. 

iRecoiwpressfon.— Essentially the basis of treatment is prompt 
recompression and the inhalation of oxygen. Figure 176 
serves as a guide in the recompression procedure. It is em- 
phaazed that the condition of the patient governs the de- 
tailed mode of therapy rather than rigid adherence to a 
system of tables. 

Perhaps there is no therapeutic procedure more effective 
than recompression as applied to the asphyxiated, pulseless, 
cyanotic patient whose blood stream is filled ntith multiple 
gas emboli. Even patients presenting incipient lesions of the 
spinal cord have made complete recovery' imder immediate 
and prolonged recompression. 

In the mild cases of compressed air illness characterized 
by bends, the minimum pressure applied in recompression 
is 45 pounds per square inch (gauge) equivalent to a diving 
depth of 100 feet. Relief of symptoms may' occur at greatly' 
reduced pressures but the additional compression reduces the 
size of the bubble 75 per cent compared n-ith surface volume, 
and ensures against the initiation of lesions in the spinal cord! 

For the serious cases characterized by asphyxia, probable 
mvolvement of the nervous system, or botii conditions re- 
coinpr^on is limited to a pressure of 75 pounds g^use 
equivtient to a depth of 165 feet. At this pressure the s^^e 
size of the bobble has been reduced 83 per cent; higher pres- 
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pressure reveals the degree of abilit)’' to accommodate to 
excess pressure. Two tests with an inten^al of several days 
intervening should be accorded an applicant v'ho is otherwise 
in good ph3-sic3l condition. 

I'Vith reference to susceptibility to bends, it follows from 
a consideration of the physiologic data that the elimina- 
tion of excess nitrogen nuthout the dev^elopment of manifest 
air embolism depends upon effective blood flow through tis- 
sues and the absence of excess fat. The desirable type of man 
is therefore young and lean. Yet among such inditnduals the 
variation in susceptibility to compressed air illness makes 
necessary a specific decompression test for the selection of 
deep-sea divers. 

This test consists in reducing the pressure from 1 atmosphere to OJj 
atmosphere during a period of seven minutes. Oxygen is inhaled at the 
start of pressure reduction. The duration of stay in the rarefied atmos- 
phere is for a period of one hour. Under these conditions suscepnble men 
develop bends while those men who are comparatively immune remain 
free from sj-mptoms. 

Too much stress cannot be laid on the necessitjt for the 
maintenance of good physical condition by men who work 
in compressed air. Empirical data indicate that any condinon 
tending to impair cardiovascular tone renders men susceptible 
to the development of decompression embolism. Indulgence 
in alcohol should be specifically interdicted. Fatigue, infec- 
tion, hot atmospheres, and excess carbon dio.xide in the air 
are all factors associated with increased incidence of bends. 
Our deep-sea divers, therefore, maintain a system of training 
similar to that followed by the athlete. 

Snvrmary of Principles.~The foUouing principles underlie 
the preveurion of compressed air illness: 

1. Limitation of time of exposure in compressed air or the 

employment of helium-o.xygen mixtures for satura- 
tion exposures. 

2. Reduced rate of ascent in the early stages of decom- 

pression. 

3. Slow decompression foUowng long exposures and me 

inhalation of o.xygen at the lower decompression 
levels. 
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4. Careful selection and the maintenance of personnel in 
good phj-sical condition. 

Treatment of Compressed Air Illness 

The prime requirement in treatment is the rapid restora- 
tion of nonnal Mood supply by cotnpression and absorption 
of the obstnicting gas emboli. Behnke and Shatr® formulated 
a procedure of recompression utilizing ox}*gen, based on 
laborator}' experiments (see Table 1) and later Yarbrough 
and Behnke^® applied the principles to field practice. 

In repeated treatments administered by this method inci- 
dent to experimental diving and in submarine salvage opera- 
dons, no agnificant change m procedure from that outlined 
m the original papers has been made. It has proved to be 
sitisfacton'. 

I?eco7;;prerr/077._Essenrially the basis of treatment is prompt 
rtcompresaon and the inhalation of oxj'gen. Figure 176 
serv^ zs a guide in the recompression procedure. It is em- 
ptia^ed that the condidon of the patient governs the de- 

^ed mode of therapy rather than rigid adherence to a 
s>^em of tables. 

Perhaps there is no therapeutic procedure more effective 
^ asph>-xiated, pulseless, 

Ss if Trith multiple 

^inal cord P^^^ents pr^enting mapient lesions of the 
complete recoverj' under immediate 
prolonged recompression. 

bv compressed air illness characterized 

h 45 uon;d P^^ "PP^^'i ^ recompression 

occur « greutir- 

ure of the hohw - - additional compression reduces the 

““Pfcd "ich surface rota^ 
For rJif. uunanon of lesions in the spinal cord 

involvemeu^of asph^-xia, probable 

compr^o^ t conditions, re- 

^^alenttoadepthilVf^n^tiiis^ '' 

- of the bubble has been 
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Mires can do little to improve drcnlarion and would unduly 
delay the pressure at which oxyg-en could be breathed. 

The next stage is the viaintenance of the vwnimnn pres- 
sure for a period of thirty minutes. Usually this period of 



Fig. 176.— Guide for treatment of compressed air illness (after Bthnke 
and Shasv, Yarbrough and Behnkc). 

A— For “bends.” 

B— For “bends”— asphj"sia. 

C— For asphraa/parah-^. 

At tnaximnm pressure patient inhales air, or heIiuin-oCT"g®n of abou^ 
(70;50 rsrio) mixture. 

At 60-foot level or below, patient inhales oxjgea lot ninen-nunute 
period. Attendant inhales ost'gen for thirty-minute period. 

For prolonged rccompression at or below 60 feet, air is inhaled. 

time is sufficient to ensure apparently complete recovery bur 
should paralysis be present or suspected, or if the paaetu 
remains unconscious, the ma.ximum pressure is tnaincaincd 
for an addirional ninety minutes (Fig. 176, C). 
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At the maximum pressure, air, or if available, a 
helium-oxygen (about 70:30 ratio) is inhaled. At the end ot 
the thirt)'-minute period the pressure is decreased unirorml)^ 
for fortj’^-five minutes until the 60-foot level (27^ poun^ 
gauge) is reached (Fig. 176, B). If a pressure of 45 poun 
has been used (Fig. 176, A), a period of ten minutes is suf- 
ficient for decompression to the 60-foot level. 

Oxygen inhalatioi? is begun at the 60-foot level and con- 
tinued for a period of ninety minutes until the 30-foot level 
is attained. If the patient exhibits an idios^mcrasy for ox^’^gen, 
the usual s}Tnptom being nausea, oxj’^gen inhalation is post- 
poned until the 45- or 30-foot levels are attained. Air or the 
helium-oxt'gen mixture is inhaled for the period of time at the 
60- or 50-foot levels that would otherwise have been dev^oted 
to the inhalation of oxj^gen. 

It is unlikely that intolerance for oxj’^gen vtiU exist at the 
45- or 30-foot levels and a period of ninety minutes for 
oxj'gen inhalation should be feasible for all patients prior to 
the termination of decompression. 

Decompression* is then terminated from the 30-foot level 
by a uniform drop to the normal atmosphere over a period of 
five minutes. 

For mild cases of compressed air illness this type of treat- 
ment usually affords permanent relief. Should symptoms 
recur in more seriously injured patients, recompression is 
again effected to a level beween 30 and 60 feet for a period 
of twelve to twenty-four hours followed by a gradual return 
from the 30-foot level to the normal atmosphere during a 
period of four hours. 

This practice of prolonged immersion in compressed air 
colloquially termed “the overnight soak” has proved to be 
the conclusive method of terminating treatment. The patient 
is permitted to sleep and the bubbles have adequate time for 
absorption. Should there be any question of involvement of 
the central nenmus sx^stem, the prolonged immersion treat- 
ment is routinely put into effect. 

For the moribund patient, the pressure level following the 
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tAvo-hour treatment at a depth equivalent to 165 feet, is de- 
creased to 60 feet during a period of forty-five minutes. 

O.Tj'gen is then admimstered for ninetj* minutes, and m 
inhalation is contimied for a period of twenty-fonr hours or 
longer . There should be no hesitancy in continuing treatment 
at the 60-foot level for a period of days. The increased partial 
pressure of oxj'gen at this level is also an effective therapeutic 
measure in treating the incipient or manifest pulmonary 
edema, anticipated as a complication of extensive embolism of 
the pulmona^ bed (see Fig. 176, C). 

Adjuncts in treatment are the judicious injection of glucose 
and sahne solutions, or plasma in the severely injured patients 
in order to counteract the effect of hemoconcentration. The 
use of adrenalin and the application of warmth are addi- 
tional measures if the shock syndrome is present. 

The position of the patient’s body should be recumbent 
since the site of bubble accumulation is influenced by grant)'. 
Errors in treatment have been: 

1. Failure to apply the pressure test in doubtful cases, “It 

can’t be compressed air illness.’’ 

2. Delayed recompression. The potential patient avoids the 

doctor. 

3. Failxure to keep the moribund patient at the 60-foot level. 

4. Failure to keep the “treated” patient near the recom- 

pression chamber for a ru'enty-four-hour period. 
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THE PNEUMOCONIOSES 


U. U. GARDNER, M.D.* 


The pneumoconioses include all chionic changes in Ae 
Innas induced by prolonged inhalation of dust with no im- 
plication as to tj'pe or severitj* of tissue reaction. The latter 
may vary from simple phagocyto^ to progressive fibro^. 
Excluded from this category* are the rehouses to living 
bacteria and fungi which are occasionally mhaled as du^. 

A variety of specific terms has been introduced to indicate 
the kind of dust responsible for the pulmonarv' condition. 
Hie use of such terms is only desirable when the character 
of the reaction is distinctive and leads to agnificant cliiucal 
symptoms. In the group of pneumoconioses belong silicosis, 
the condition produced by ihhaling quartz or other forms of 
free sifica, asbestosis, the condition resulting from inhaling 
various fibrous silicates, and a few others not yet specially 
deagnated. 

Since most other forms of dust in pure state have essentially 
the same efiects upon the lungs and since none of them ap- 
preciably influences respirator}' function the -writer has pro- 
posed that reaction to them be designated by the common 
term, simple benign pneiwioconiosh. Included under this 
term are uncomplicated anthracosis from coal, and siderosis 
from iron. IMien these minerals axe mixed -with quartz a 
modified type silicosis may develop which is properly desig- 
nated as anihraco-silicosis and sidero-silicosis. 

Dusts of vegetable origin, like tobacco, grain, cotton fiber, 
and so on may be inhaled but probably they cause little 
anatomical change. They may, however, sensitize tissue and 
give rise to allergic s>-mptoms. Although these conditions 
produce insignificant structural alteration in the lunss, their 
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special designations, like tobaccosh and threshers fever, are 
not infrequently listed as forms of pneumoconiosis. 

This group of conditions almost invariably develops in 
industry because only in its environment are the necessar}' 
concentrations of fine dust particles constandy maintained. 
In the state of nature there is dust, but the concentrations are 
rarely excessive, the particles are relatively coarse, and ex- 
posures are intermittent. The human race has evolved in 
such an environment and its lungs are protected against ordi- 
nary amounts of dust. The tortuous upper respirator}’’ pas- 
sages exclude most of the contaminants of inspired air, the 
cihated epithelium lining the nose, trachea, and bronchi car- 
ries back to the pharj’-nx many of the particles that lodge on 
its surface. It is estimated that at least 50 per cent of the dust 
in the air we breathe fails to reach the depths of the lungs. 
The free phagocytes wandering over the surface of the 
air spaces ingest and carry off particles that pass these bar- 
riers. The lymphatics of Ae lung remove phagocytosed and 
probably free particulate matter and deposit it in lymphoid 
tissue where it is no longer in contact vnth respiratory mem- 
branes. These mechanisms are adequate to protect man against 
aU but extraordinary concentrations of dust. 

Evidence of such protection may be seen at almost any 
autopsy where the heavily pigmented tracheobronchial lymph 
nodes attest the amount of carbon and other minerals re- 
moved from the lungs. Not infrequently the nodes of per- 
sons who have been exposed in industrj’’ to moderate con- 
centrations of fine quartz reveal clusters of microscopic 
silicotic nodules while the lungs themselves remain free of 
such reaction. 

ETIOLOGY 

To have significant effects, the atmospheric concentrations 
must be excessive, the exposure to dust must be prolonged 
over periods measured in years, and the particles must fall 
within a particular size range. Within limits these factors bear 
a reciprocal relationship to one another, but under no cir- 
cumstances is it possible to reduce the time factor much 
below ttro years even in the case of the most potent dusts. 

It takes time for effective quantities of dust to accumulate 
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wthin the lungs and more time for the particles to react upon 

the tissues. , 

Tks Si-e of Particles -Tht size of the parades must be 
small enough to permit them to remain suspended in the 
air and to pass the barriers of the upper respiratory tract, ^^e 
latter prerequisite is influenced by their shape and flesibiht} . 
Of the particles that are roughly spherical, few larger than 
10 microns in diameter are found 'uithin the air spaces, but 
fibers of asbestos as long as 60 microns are relatively common 
and some have been seen that measured 200 microns. On the 
other hand, even short fibers of fine glass wool seem to be 
pracdcally uninhalable because they are stiff and inflexible. 

Inhere a mineral is chemically irritating, the factor of size 
has further importance because the smaller it is the greater 
the surface area exposed to contact with the tissue. Eixperi- 
ment has demonstrated that there is little reaction to particles 
of quartz betu'een 3 and 10 microns in diameter, but that 
below the critical size of 3 microns the intensin' of tissue 
response increases as the size of the particles decreases. There 
is probably a lower limit of effective size which is determined 
by the amount of retention nithin the air spaces. Particles 
smaller than this unestablished limit are exhaled with the air 
or ehminated through the blood and urine and hence do not 
accumulate to produce effective concentrations. 


PHAGOCYTOSIS AND DISTRIBUTION WITHIN THE 
LUNG 

Regardless of the character of the minerals in a dust the 
particles inhaled into the terminal air spaces are ingested bv 
free phagoc}-tic cells that develop in the adjacent walls. The 
^bsequent disposition of the foreign bodies is more or less 
Muenced by their mttire and quantity. Small amounts of 
inert paniculate matter like soot, coal, and iron are trans- 
ported by the phagocytic cells through the l)-mphatic vessels 
to lymph nodules within the lungs. Here they may remain 
but there is a tendency for most of them to be carried on to 
me nodes about the bifurcation of the trachea. After the 
latter have accumulated excestive amounts of dust, more 
particles begin to collect in the hmph nodules within the 
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special designations, like tobaccosis and thresheds fever, are • 
not mfrequently listed as forms of pneumoconiosis. 

This group of conditions almost invariably develops in 
industry because only in its environment are the necessary 
concentrations of fine dust particles constantly maintained. 
In the state of nature there is dust, but the concentrations are 
rarely excessive, the particles are relatively coarse, and ex- 
posures are intenmittent. The human race has evolved in 
such an environment and its lungs are protected against ordi- 
nary amounts of dust. The tortuous upper respirator)' pas- 
sages exclude most of the contaminants of inspired air, the 
ciliated epithelium lining the nose, trachea, and bronchi car- 
ries back to the pharynx many of the particles that lodge on 
its surface. It is estimated that at least 50 per cent of the dust 
in the air we breathe fails to reach the depths of the lungs. 
The free phagocytes wandering over the surface of the 
air spaces ingest and cany off particles that pass these bar- 
riers. The lymphatics of the lung remove phagocytosed and 
probably free particulate matter and deposit it in lymphoid 
tissue where it is no longer in contact vdth respiratory mem- 
branes. These mechanisms are adequate to protect man against 
all but extraordinary' concentrations of dust. 

Evidence of such protection may be seen at almost any 
autopsy where the heavily pigmented tracheobronchial lymph 
nodes attest the amount of carbon and otlier minerals re- 
moved from the lungs. Not infrequently the nodes of per- 
sons who have been exposed in industry' to moderate con- 
centrations of fine quartz reveal clusters of microscopic 
silicotic nodules while the lungs themselves remain free of 
such reaction. 

ETIOLOGY 

To have significant effects, the atmospheric concentrations 
must be excessive, the exposure to dust must be prolonged 
over periods measured in y'ears, and the parades must fall 
tvithin a particular size range. Within limits these factors bear 
a reciprocal relationship to one another, but under no cir- 
cumstances is it possible to reduce the time factor much 
below two years even in the case of the most potent dusts. 

It takes time for effective quantities of dust to accumulate 
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withm the lungs and more tiine for the particles to react upon 

the tissues. . , 

The Size of Particles— The size of the parades must be 
small enough to permit them to remain pended in Ae 
air and to pass the barriers of the upper respirator)’' tract. The 
latter prerequisite is influenced by their shape and flexibilit) . 
Of the particles that are roughly spherical, few larger than 
10 microns in diameter are found within the air spaces, but 
fibers of asbestos as long as 60 microns are relaavely common 
and some have been seen that measured 200 rmcrons. On the 
other hand, even short fibers of fine glass wool seem to be 
practically uninhalable because they are stiff and inflexible. 

IITiere a mineral is chemically irritating, the factor of size 
has further importance because the smaller it is the greater 
the surface area exposed to contact with the tissue. Experi- 
ment has demonstrated that there is htde reaction to particles 
of quartz between 3 and 10 microns in diameter, but that 
below the critical size of 3 microns the intensit)' of tissue 
response increases as the size of the particles decreases. There 
is probably a lower limit of effective size which is determined 
by the amount of retention ■nithin the air spaces. Particles 
smaller than this unestablished limit are exhaled xvith the air 
or ehminated through the blood and urine and hence do not 
accumulate to produce effective concentrations. 


PHAGOCYTOSIS AND DISTRIBUTION WITHIN THE 
LUNG 

Regardless of the character of the minerals in a dust the 
particles inhaled into the terminal air spaces are ingested by 
free phagocstic cells that develop in the adjacent walls. The 
mbsequent disposition of the foreign bodies is more or less 
influenced by their mtzire and quantity. Small amounts of 
inert paniculate maaer like soot, coal, and iron are aans- 
ported by the phagocj-tic cells through the l)-mphatic vessels 
to h-mph nodules tvithin the lungs. Here they may remain 
but there is a tendency for most of them to he carried on to 
me nodes about the bifurcation of the trachea. After the 
latter have accumulated escesrive amounts of dust, more 
parades begin to collect in the lymph nodules tvithin the 
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lungs themselves. This order of disposition suggests stasis 
from obstructive reaction in the nodes at the root of the 
lung. It is practically never complete, however, for even 
sclerosed silicotic Ijmph nodes become involved in a super- 
imposed lobar pneumonia or pulmonar}’’ cancer. 

Vi'Tien larger amounts of dust of the same type are inhaled 
all of the phagocytes do not remain within the Ijunpharic 
vessel; many accumulate within the surrounding connecrive 
tissue. This is evidenced b}’^ the delicate perilympharic pig- 
mentation which outlines the lobules presenting on the 
pleural surface and by similar deposits in the walls of blood 
vessels traversing the depths of the lungs. On exposure to 
excessive atmospheric concentrations of dust the protective 
mechanisms are entirel}' inadequate and dust-filled phago- 
c}T:es remain in the alveoli for years. 

The sohibility of particulate matter also influences its dis- 
position. Readily dissolved particles like those of marble and 
g>’’psum quickly disappear either before or after they have 
been ingested by phagocytic cells and leave practically no 
evidence of their presence. Toxic substances like fine quartz, 
on the other hand, exert their first efi’ects upon the phago- 
cytes. The cells undergo a series of changes comparable to 
those excited by the tubercle bacillus, including epithelioid 
alterations and giant cell formation. Necrosis occurs but it 
rarely involves the large numbers of cells seen in tubercu- 
losis so that the gross appearance of caseation is lacking. 
However, numerous isolated phagocjues are killed, liberating 
the quartz that they have already ingested and thus creanng 
a demand for more cells of the same kind. As a consequence 
the picture of early silicosis is a much more active one than 
that of the corresponding stages of any other form of pneu- 
moconiosis. Phagocytes not killed but injured tend to adhere 
to one another and hence there is a pronounced tendency to 
form tubercle-like nodules. 

Fibrous material, like asbestos, is not handled so eftecnvely. 
The same type of phagocytes attempt to ingest inhaled 
asbestos but the fibers are so long that they project 
the margins of the cell. This appears to impede ameboid 
activity and as a consequence there is little or no transport to 
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the I^-mphatic S3’-stem. Asbestosis, accordingly, begins about 
the tertninal respiratory bronchioles, where most of the ui- 
haled fibers come to rest. 

SIMPLE BENIGN PNEUMOCONIOSIS 

Gross Anatomy 

In the absence of associated infection the pleural surface is smoodi and 
free from adhesions. There is usually piginentation distributed in small 
focal areas, in linear depodts along the pleural Ijmphatics or difinsely, 
the amount varjnng \wth the intensity of the exposure. The sectioned lung 
again reveals varjang amounts of pigmentation. In the slighter degrees 
one sees scattered fleets of black pigment, not over 2 or 3 mm. in diameter, 
in the centers of the lobules or flue linear deposits along the Ijanphadcs 
in the malls of smaller arteries and in the septa between lobules. The old 
soft coal miner’s lung may he uniformly black in color tvith here and 
there a small collecrion of emphj’sematous air spaces. Regardless of size or 
intenat)-, none of these pigmented areas is fibrous and palpation fails to 
differentiate them from the surrounding lung. Inspection with a lens re- 
veals normal structure underl.ving the pigmentation. 

The microscope demonstrates that die pigment is largely contained 
within phagocyte cells which may be located within the air spaces or in 
the areolar framework of the lung. In the latter situation these dust cells 
are often elongated and rimtilate connective tissue cells but as Haythome 
has demonstrated, the development of edema separates the supporting cells 
and permits the phagoettes to assume their primitive rounded or oval 
forms. In marked cases heaty collars of pigmented cells will be found about 
the smaller arterioles. In cross section these deposits simulate ill-defined 
nodules but closer scrutiny reveals the central blood vessel. LiTien cur 
longitudinally their true nature is more obvious, ^^^ule such tissue changes 
are not infrequently associated with appreciable amounts of newly formed 
connective tissue, chemical analt’sis generally demonstrates unusual quan- 
tities of free silica. In such cases it is the invisible siUca which has been 
responsible for most of the tissue reaction, iilore rarely no excess of silica 
IS dmonstrable and in these instances it seems probable that a healed in- 
fectious process may have produced a fibrosis in which the inhaled pig- 
ment has accumulated. This interpretation seems logical in view of the 
paudy of such cases and the repeated demonstration in animals of the lack 
of fibrosis on exposure to pure minerals of titis class. 

Roenfgenologic Findings 

A. roentgenogram of the chest of a subject Vkfith simple 
benign pneumoconiosis reveals that the linear shadows nor- 
mally cast by the blood vessels are tbiclcer than usual and 
ejn:end further into the periphery of the lung. No new 
shadows are observ'ed. This picture is confusing to observers 
not thoroughly familiar with possible variants of the “nor- 
mal pattern. It is probably safe procedure to regard nothbg 
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but very defined linear exaggeration as evidence of reac- 
tion to inhaled dust. In no case should it be so regarded where 
the change is not uniform throughout all parts of both lungs. 
A further source of confusion arises from the fact that 
exposure to free silica dust, insufficient to produce definite 
and characteristic nodular roentgenographic patterns, may 
also cause exaggeration of the linear markings. Since it is 
impossible to distinguish bero^een “early” silicotic reacrions 
and those of nonspecific origin, it is unsafe to classify such 
films as presiHcotic. In sun-^eys or in annual reexaminations 
of large groups of men whose industrial exposure is thor- 
oughly understood, such a diagnosis is a reasonable prob- 
ability, but in an isolated case, seen on a hospital ward, the 
chances of error are great. 

Clinical Picture 

Simple benign pneumoconiosis ordinarily causes no symp- 
toms. Disability’’ is hard to imagine in view of the distriburion 
of the dust reaction in the framework of the lung. Physical 
signs are usually absent although in some instances those 
indicative of chronic bronchitis may be elicited. The diag- 
nosis depends upon a history of adequate exposure to dust 
supported by evidence of definite alterations in the roent- 
genographic pattern. But it should alway’s be borne in mind 
that the latter is not pathognomonic, that inhaled dust is 
only* one of the possible causes. Healed infections may’ also 
produce slight degrees of linear e.xaggeration, but in this case 
the distribution is apt to be less uniform. 

Complications 

Susceptibility to infection is not appreciably modified by 
simple benign pneumoconiosis although the nature of the 
causative dust influences the frequency’ of this complication. 
Acute pulmonary’ infections are no more common than in 
the population at large; the incidence of chrome infecdons 
like tuberculosis may be slightly’ elevated in the case of per- 
sons breathing dusts containing an adequate mixture of Jrcc 
silica. "Where dusts of calcium compounds are concerned the 
frequency of tuberculosis is generally very’ Imv. 
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SILICOSIS 


Gross Anatomy 

The characteristic lesion of silicosis is a lociU^d vodide of dense, 
ht-aline, fibrous tissue not over 3 or 4 mm. in diameter. Inspecnon 0 
nVical rilicodc lungs reveals nodules of this nature seeded over me F™™ 
surface and uniformly scattered throughout all parts of the depths of both 
orsans. T\Tiere the condition is of long standing there may be a zone of 
emphysema, free of nodules, over the diaphragmatic surface and tvhere 
there are scars of old infections the unifomutj’ of the distribution is in- 
variably disturbed. _ . 

In the absence of infection the pleural surface is free from adheaons 
and, except for the elevated nodules, is smooth. Vigmentation is variable 
but in most cases there is enough associated carbon or other colored 
minerals tvith the silica to produce a diffuse or loc aliz ed black color. In 
such cases the slightly raised centers of the colorless rihcotic nodules stand 
out in sharp contrast. As silica tends to accumulate more rapidly in this 
location, the pleural manifestations may be the only defimte evidence of 
earh’ silicosis. However, palpation of the foci of pigmentation in the 
deeper parts of the lung usually reveals some that are firm enough to be 
differentiated from the surrounding tissue. Inspection of such fod with 
a lens demonstrates local obliteration of the normal stmcture. In well 
marked cases the uniform distribution of the firm discrete nodules con- 
stitute unmistakable evidence of silicosis. 

TMiere the proportion of associated minerals is relatively large, the 
form of the rilicotic nodule is often modified. About each is an ill-defined 
zone of heavj’’ pigmentation which may communicate tvith similar deposits 
along anerioles or other structures containing Ijmphatic trunks. Somerimes 
the pigmentation is so intense that the firm, hyaline nodules are almost 
obscured. These modifications produce general patterns more suggestive 
of a linear network than the tj-pical nodulation. They are most common 
m anthraco- and sidero-silicosis. 

The tracheobronchial Ijuaph nodes are practically always deeply pig- 
mented from associated colored minerals. In the early phases of silicosis the 
nodes are enlarged but later, as the fibrosis matures, the)’- contract to a 
size only slightly larger than normal and become as hard as the sole of a 
shoe. 


The reaction to silica particles is progressive to the extent that nodules 
of microscopic dimensions increase until they attain a diameter of 2 to 4 
nun. regardless of further exposure. However, on attaining their masimnm 
size the lesions remain stationar)- and new ones do not develop. From then 
on only the development of associated infection is likely to involve new 
portions of die lung. 

.Many cases of silicosis fail to conform to this classical pattern. The 
pleu^ surface is obscured by dense fibrous adhesions and on sectiouine 
the lung large, black masses of rubber)' consistence have replaced variable 
founts of air-containing tissue. Discrete nodules usually occur elsewhere 
but some^es they are detectible only along the borders of the massive 
fibrosis. C^ars^mph)-sema, not infrequentlv of bullous n-pe is a usual 
eompb^uon. The large congiosnerate lesions most ofero^ 
upper tlmds of one or both lungs. Sometimes bilaterally s)’inmetrical masses 
radiate from the hdum into each lung involving peri^pl™^^^ 


two 
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or more lobes wjth obliteration of the fissures. At other u'mes a solid prism 
or such scar is discovered parallel to but 3 or 4 cm. beneath the lateral 
pleura or an upper lobe. In such cases a zone of coarse emph)’sema separates 
the mass from the overlying pleura. On sectioning such a mass the knife 
creaks as though passing through tough leather but the gntty sensation 
often mentioned is rare unless obvious calcification is encountered. Deep 
within these areas of conglomerate fibrosis one frequently sees irregular 
zones of necrosis filled svith inky fiiiid. There are no definite trails of a 
different color such as those surrounding a tuberculous cavity; the black 
fibrous tissue simply becomes granular and then liquefies. As there is no 
commum'carion svith a bronchus this debris remains in situ. 

Afassive fibrosis of this type replaces and obliterates all norma! struc- 
tures in the portion of lung involved. Along the irregular borders of such 
a lesion there may be included islets of dilated air spaces. Blood vessels 
are obliterated and thrombosis is common. The writer has seen four in- 
stances in which the main branches of the pulmonary' artery were com- 
pletely obstructed by orgam'zing clots. All but the larger cartilaginous 
bronchi are likewise compressed and obliterated. 


Microscopic Appearances 

Microscopic examination of the simple, discrete, silicotic nodule re- 
veals a characteristic picture. The lesion is composed of concentric laminae 
of thick, hyaline connective tissue fibers whose nuclei are thin and com- 
pressed. Around the outside of this main mass is a layer of more cellular 
connective tissue of variable thickness. Usually the latter is more or less 
infiltrated with phagocytes containing black carbon or other colored par- 
rides and the center of the hyaline nodule may also be pigmented. Con- 
traction of the fibrous elements in the nodule causes some distortion of the 
air spaces in the immediate vicinity but there is little or no exudate. 
Variants of this picture are (1) central areas of necrosis in nodules pro- 
duced by e.vposure to e.xcessive quantities of very fine quartz in practically 
pure state and (2) the much more common tendency for several con- 
tiguous nodules to become surrounded by a common capsule, thus forming 
small conglomerate lesions. 

Similar study of the tnassive conglotnerate areas of fibrosis reveals a 
diffuse matri-x of hyaline fibrous tissue in which nodular foci are tnotc or 
less easily defined. The matrix sometimes presents an arrangement of nbers 
suggesting an origin in an organizing pneumonic process; in most cases 
there is no particular pattern. The necrotic foci exhibit simple degenera- 
tion of the scar without leukocytic reaction. Tliis becomes understanda e 
when it is noted that the blood vessels tliroughout the mass are 
thrombosed or more or less occluded by endancritis. The bronchi, w cn 
still patent, usuallv display variable amounts of chronic inflammatory r - 
action but most of the smaller branches are compressed beyond ^ccognmo . 

It is nor uncommon in persons that have been exposed to ton 
centrurions of sihea dust to find silicotic nodalis 

old tuberculous scars with none in the other parts of the . • 

servarion, in contrast to the generalized distribution of the "O 
persons with no evidence of infection, has led to the .. 

S-c conglomerate types of fibrosis are the result of 
The resultant lymiph stasis would explain local retention of excess q 
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dries of the irritant particles. This concentration would in rum cause more 
reaction of the tissues. If the infection was still active while dust was 
beins inhaled the pneumonic process could organize to produce the lorm 
of scar tissue sometimes observed. The silica would then act upon v’ 
formed connective tissue to produce the diffuse tj^e of fibrosis of the 
matrix between nodules. Such theorj’^ has support in experimental observa- 
tion where both tuberculous and nontuberculous infections have been ob- 
served to heal xvith resultant massive fibrosis of similar appeaxMce. Other 
elements may influence the development of these massive lesions, of 
them show dense pigmentation from accumulated nonsihceous mineral 
particles. MTiether this is merely a result of the local lymph stasis or 
whether such minerals actually initiate multiplication of connective tissue 
cells which are fnnher srimiflated and hj’alimzed by the associated free 
silica is not dear. Finally, the element of collapse incident to bronchial 
obstmcrion may plav some part, although not a primarj' one, as this factor 
is not introduced until the fibrosis is well advanced. The writer is con- 
vinced that the most probable basis for massive conglomerate fibrosis is a 
healed infection which distorts the strucnire in a localized portion of the 
lung and disturbs its functional activit}\ Tuberculosis is the most likely 
kind of infection to occur in the upper parts of the lungs. 


Roentgenologic Rndings 


Roeatgenographic manifestations of silicosis, of course, 
vzry with the character of the pathological process. In cases 
of simple discrete vodulation Ae diagnostic feature is the 
uniform distribution of the smaD, sharply defined shadows of 
nodules. Unless they are so distributed throughout both lung 
fields the presumption is that some other condition is respon- 
sible. In the very early cases the nodularion is fine and 
without stereoroentgenograms may be confused wnth an 
advanced stage of linear exaggeration. Watkms-Pitchford 
aptly compared the appearance of the latter to the leafless 
tree and when early nodularion supervenes, to the tree in bud. 
As the nodules increase in size and number, their shadows 
become l^ger and more numerous. Only the main branches 
of a tree in full leaf can be identified. 


On inspecting a single film of an advanced case of nodula- 
Oon there are so many small round shadows that it is hard 
to imagine that much uninvoived tissue is left. However one 
should remember that the shadows of aU the nodules in an 
organ from 4 to 9 mches in thickness have been proiected 
onto one plme. Stereo-films null do much to dispel the im- 
^^lon of Aeir number and an examination of the lung itself 
am more. Rardj- there more than eight to ten hoMm 
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or more lobes snth oblireration of the fissures. At other times a solid prism 
oT such scar is discovered parallel to but 5 or 4 cm. beneath the lateral 
pleura of m upper lobe. In such cases a zone of coarse emphvsema separates 
the mass from the overljring pleura. On sectioning such a 'mass the laufe 
creaks as though passing through tough leather but the eritt)' sensation 
ofteri mentioned is rare unless obvious calcification is encountered. Deep 
stuthin Aese areas of conglomerate fibrosis one frequentlv sees irrecular 
zones of necrosis filled tvith inkj- fluid. There are no definite walls of a 
difi^erent color such as those surrounding a tuberculous cavire; the black 
fibrous tissue simply becomes granular and then liquefies. As there is no 
commumcation with a bronchus this debris remains in situ. 

Afassive fibrosis of this i}'pe replaces and obliterates all normal struc- 
tures in the portion of lung involved. Along the irregular borders of such 
a lesion there may be included islets of dilated air spaces. Blood vessels 
are obliterated and thrombosis is common. The writer has seen four in- 
stances in which the main branches of the pulmonarv artery were com- 
pletely obstructed bt’ organizins clots. All but the lanrer carrilasinous 
bronchi are likewise compressed and obliterated. 


Microscopic Appearances 

Microscopic examination of the simple, discrete, silicotic nodule re- 
veals a characteristic picture. The lesion is composed of concentric laminae 
of thick, ht’aline connective tissue fibers whose nuclei are thin and com- 
pressed. Around the outside of this main mass is a laver of more cellular 
connective tissue of variable thickness. Usually the latter is more or less 
infiltrated with phagocttes contaim'ng black carbon or other colored par- 
ticles and the center of the hyaline nodule may also be pigmented. Con- 
traction of the fibrous elements in the nodule causes some distortion of the 
air spaces in the immediate vicinitj’ but there is little or no exudate. 
\*ariants of this picture are ( I ) central areas of necrosis in nodules pro- 
duced by exposure to excessive quantities of verv fine quartz in practically 
pure state and (2) the much more common tendency for several con- 
tiguous nodules to become surrounded by a common capsule, thus forming 
small conglomerate lesions. 

Similar study of the massiue conglomerate areas of fibrosis reveals a 
diffuse matrix of hyaline fibrous tissue in which nodular foci are more or 
less easily defined. The matrix sometimes presents an arrangement of fibers 
suegesting an origin in an organizing pneumonic process; in most cases 
there is no particular pattern. The necrotic foci esihibit simple degenert- 
tion of the scar without leukocytic reaction. This becomes understanda e 
when it is noted that the blood vessels throughout the mass are cither 
thrombosed or more or less occluded by endarteritis. The bronchi, u en 
still patent, usnallv display variable amounts of chronic mflammaron,- r - 
action but most of the smtiler branches are compressed beyond recognmo . 

It is not uncommon in persons that have been exposed to lou c . 
centrations of sih'ca dust to find silicotic nodules only in the 
old tuberculous scars with none in the other parts of the ^ , • 

servation, in contrast to the generalized distribunon of the n 
U ~ erid..ce of tofadoo. ho. l,d to to 
massive conglomerate tvpes of fibrosis are the result J ' 

The resultant lymph stasis would explain local retennon of exccssi q 
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CoTT.pIicaiions 

Relationship to /TTfecrio?;.— Silicosis definitely inCTea^ si^- 
ceptibiiin' to tuberculoas; it is frequently associated ■mth 
chronic bronchitis that may lead to tergal bronchopneu- 
motua. The incidence of lobar pneumonia is higfi fii certain 
industries with alica hazards but when^ conditions like ex- 
posure to sudden and extreme changes in temperature have 
been corrected the pneumonia rate has fallen. Such experience 
suggests that factors other than the ahcoas are responsible. 


Tuberculosis 


Incidence.^SyhRc a few writers have expressed skepticusm 
there is little reason to doubt that sihcosis predisposes to 
tuberculosis. Statistics from even.' industrial country* in the 
world indicate rates for this infection in the silica industries 


four to twent}' rimes that in adult employed males. Autopsx' 
statisrics reveal complicating tuberculosis in 60 to 7> per cent 
of alicotic subjects. Animal experiments demonstrate that 
exposure to rilica dust is unique in causing infection with 
tubercle bacilli of low virulence for various species, which 
progresses and produces chronic tuberculoris. The skeptics 
base their opinions on clinical impresaons of isolated cases, 
but for reasons to be presented such evidence may be mis- 
leading. 

Factors Affecting Incidence-While, there is more tuber- 
culoss among silicotic subjects than others, the frequency 
of this infection varies with the opportunities for contact with 
the tubercle bacillus in particular communities. In a modem 
foundrx' in the cit\- of Milwaukee where a program of con- 
trol has been in operation for seven years, Sander now re- 


ports no exces of this infection. Among Rand gold miners 
in South Africa in 1937-38 only five new cases of tuber- 
culosis were discovered on periodic examination of 28,414 
men with silicosis. In the years 1917-18 there were 116 sMar 
c^es among 13,474 silicorics examined. jMany other examples 
^such contrasts could be cited but they are hardlv necessarv 
ne point to bear in mind is that while prevalence rates mav 
commumn- to communin' it is as necessan' for 
sihconcs to come m contact with the disease in order to 
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to the square inch in any plane of section. Emphysema is 
responsible for a variable amount of shadowless lung fields 
in the costophrenic regions. In moderately advanced cases 
the mediastinal shadow is broad and dense due to the en- 
larged IjTnph nodesj in the mature stages the density persists 
but the width of this shadow is again less because of the con- 
traction of the nodes. 

Cases of vmnve conglomerate fibrosis present a diagnostic 
problem because they simulate tuberculo-sUicosis in which 
the infectious element is merely dormant and because some- 
times they do not even reveal any thin g indicative of silicosis. 
The ty'pical conglomerate case presents one or more dense 
massive shadows upon a background of generalized nodulation 
with variable amounts of peripheral lung fields black because 
of emphysema. Distortion of the diaphragmatic shadows and 
other evidences of chronic pleurisy are common. The massive 
shadows may radiate as large fans from the hilum into each 
lung field or they may involve the root of only one lung. 
Another common manifestation is the sharply defined block- 
like shadow located beneath the claiticle, crossing the anterior 
second and third ribs at right angles a few centimeters 
beneath the lateral pleura. Peripheral to it there is usually 
evidence of emphysema. Occasionally massive shadows occur 
in the lower thirds of the lungs but these are less common. 
Overexposed films fail to demonstrate much structure within 
these extremely dense areas and even the foci of anemic 
necrosis lack sufficient definition to be risualized. 

The contraction of these sclerotic masses, fixed to the chest 
wall by pleural adhesions, pulls much of the lung tissue up- 
ward and in so doing the discrete nodules in the lower lung 
are brought into close proximity’- to the massive lesion. Com- 
ddently the air spaces in the lower lungs become overdis- 
tended to keep the pleural cavity’’ filled. The combination of 
compensatory emphysema and a contracted lung may com- 
pletely obscure the shadows of the discrete nodules so tliat 
they fuse -utith that of the large mass nearby. As a consequence 
the film may^ reveal only the massive shadows, emphysema, 
and chronic pleurisy’ wtith no discrete shadows to suggest the 
silicotic origin of the condition. These cases present a most 
difficult problem in diagnosis. 
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Roeixgenogrjphic Appeirances of Tuherculo-S^:cosis.— 
Tcese sie often indisrineTiishable Irom those or massive con- 
rioxerate fibrosis on first esaminarion. A7777uA pJzt.'j. horv- 
erer. mav demonsmste a gradual extension of the process. 
In many cases the time ulamately arrives xvhen the activity 
of the afecd^ns element is msrfisesKd-. eaxides may then he 
ristalized and progre^oa becomes much more rapid. Death 
may he anddpated tvithin a period of rtvo or three years. 
Tue rarer nmical mberculosis on a background of silicotic 
coduiatioa presents no unusual features. 


CSdcal Ficrure in Silicosis 

One of the most characterisne features of siinple- discrete, 
nodular dlicods is the paucity of symptoms and o finiral dmis 
in comparison with the extent of the roentgenolosical mani- 
tptadons. Many subjects are entirely unavrare of Aeir condi- 
uon xndl it is reveded by a routine roentgenogram. Thev 
condnue to perform hard physical labor vrim no complaints 
and no dimiaudon of output. Only severe and unusual exer- 
don cemonsmates some dyspmi. Some, on the other hand. 
■KTil report constnCTon or burning sensadons in the chest. 
Not infrequently there is an unproductive cough, probablv 
due to bronchial irritarion and not to chanses"" in the lung 
proper, k seems probable that certain suscepdble inomduals 
ttny have sjnnptonis even in minimal stages of the disease al- 
tnough dds subject needs farther inves^don. The <r-etho- 

^ Tf 2 nd exuLmdon 

u .pe m be prolonged. In tnrs t>-pe of dheass chest 


ex- 
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develop tuberculosis as for other subjects. The presence of 
silicosis merely enhances the probabilicy of effectiveness of 
such contact. 

In groups of persons exposed to silica dust the incidence of 
complicating infection increases with the severity of the re- 
action. For one large group of 2612 miners, Cummings re- 
ported the following rates per 100,000; 

No evidence of dust reaction 0-f 

Linear exaggeration, 1st degree 1-0 

Linear exaggeration, 2nd degree 2.0 

Silicotic nodulation, 1st degree 6-0 

Silicotic nodulation, 2nd degree 12.0 


The frequency of tuberculosis in silicotics also increases 
wth age which has led to the belief that most of the infec- 
tions are of exogenous origin. This is true in many instances, 
but an appreciable number result from reactivation of ^e- 
existing latent foci of reinfection type disease. The probabil- 
ities of reactivating a so-called piimaty or Ghon tubercle are 
much more remote. While this possibility has been demon- 
strated experimentally in animals, annual reexaminaaon of 
large groups of human subjects has demonstrated the great 
rarity of its occurrence. The calcified or fibrous parench) ma 
tubercles of the primary complex remain unchanged through 
years of exposure to silica dust although in some countries 
men with such lesions are rejected on the preemployment 
examination. In the United States the general pracnce is to 
admit them unless, of course, the primary focus shows evi- 
dence of recent activity. 


Pathological Anatomy.-The patholo^«l anatomy 

silicoQc subject is usuaUy matenally Serfs it niay be 

ridiials In its commonest mamfestaaon as tubercmo-Tihco CTmnIe 

almost indistinguishable from the massive conglomerate 

already described. Many an 

isolated focus of caseanon or a ",5; llL color of 

area is exposed it is usually recognized easily b> black 

the caseous matter which offers sharp contrast to ^ ^ whether 

fibrous tissue. In some insj^ces the require in- 

the infectious process is still active and even h activnrv may 

^Icuon of several square inches of secnon for 

Z few and far between. More often hovv ever conglomerate 

cation is obvious at the tune of =>«op^; m^ve scar and about 
cases large cavities have destroyed much of the massive 
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corroborative histor}^ must be obtained. Tins involves a com- 
plete record of a man’s occupational life, including not only 
the plants at which he worked, but the Itind of job ^d the 
materials used. The physical examination is important for two 
reasons: (1) It may show almost complete absence of abnor- 
mal signs, which, in conjunction tiith the exteimve roent- 
genographic changes, is almost pathognomonic of alicosis; and 
(2) it may reveal evidences of activity of an infectious proc- 
ess. As already indicated, the most difiScult diagnostic problem 
is the determination of the latent element of infection in a 
lesion of massive conglomerate tj’pe. Only repeated examina- 
tion can settle this question. 


Other Complications of Silicosis . 

The effect of silicosis upon the circulation is a subject that 
has been discussed -unthout definite conclusion. Both silicosis 
and heart disease are most frequent in mature adult life. Many 
believe that obstructive fibrosis in the lungs results in cor 
puhwjiale uith characteristic hjiiertrophy of the right side 
of the heart. If this result does follow it is probably limited to 
cases of massive conglomerate silicosis. Discrete nodulation 
seems to produce little anatomical change in the pulmonary 
blood vessels. But even vith conglomerate disease cases are 
rare in which only the right side of the heart is affected. 
Most of them have generalized cardiovascular lesions which 
might easily have originated independently. Obstructive 
fibrosis in the lungs places an added burden on the over- 
worked heart but the writer questions whether it is a primary 
cause of heart disease. 


While some authors have claimed that soluble silica, lib- 
erated in puhnonar)'- lesions, circulates through the body to 
poison other tissues, there is nothing to support this purely 
hjqiothetical reasoning. Any excess of nephritis that may oc- 
cm can be explained by the higher incidence of arterio 
sclerosis at the age penods when silicosis is common Silicotic 
mvolvement of l>Tnph nodes at the head of the pancreas is a 
regular finding ^d occasionally nodes along the abdommal 
aorta are involved. Only once has the uniter knonm them to 
cause symptoms. ™ 
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pansion and the excursion of the diaphragm may be some- 
what limited. 

In the presence of massive conglovierate 'fibrosis the picture 
is different. These men are definitely short-winded. Although 
many of them continue to work, their production is much 
below par. Unusual exertion precipitates an attack of severe 
dyspnea from which they recover slowly. They frequendy 
suffer pleuntic pain and cough, u'hich is particularly trouble- 
some in the morning. In some it is severe enough to precipi- 
tate vomiting. Theirs is the picture of advanced emphysema 
twth the physical signs of that condition. 

'When the conglomerate lesion is due to an unhealed mber- 
culous infection toxic symptorvs are so late in making their 
appearance that diagnosis is difficult. Not until the terminal 
breakdown do these cases manifest sj’’mptoms ordinarily asso- 
ciated noth tuberculosis. Before that time they are short of 
breath but well nourished or even overweight from restriaed 
activity. They have no fever, loss of appetite, or increase in 
sedimentation rate. Tubercle bacilli do not appear in their 
sputa. It is necessary to follow them carefully year after year 
to note the first hint of symptoms or the development of a 
positive spiitinn. On occasion, monthly guinea-pig tests may 
demonstrate the presence of tubercle bacilli follow^ed by many 
negative specimens. Usually, however, the sputum remains 
positive after the organisms finally appear. For economic as 
well as medical reasons most of the closed cases are beuer off 
if they are allowed to do some work compatible with their 
strength. If put on rest treatment they are discontented and 
their dyspnea seems to become more severe. But they should 
not be neglected; as soon as any evidence of activit}*, and 
particularly a positive sputum, makes its appearance, they 
must be removed from contact to protect their fellow work- 
men. 

Diagnosis of Silicosis 

Diagnosis depends upon a history of adequate exposure in 
an industry’- -outh a free silica hazard, a chest roentgenograin 
shotving- a shadow- pattern characteristic of this disease, and 
■bhysicd signs of the nature already described. The film often 
suggests the presence of silicosis but to estabh'sh a diagnosi 
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corroborative lustorv' muse be obtained. Tliis involves a com- 
plete record of a man’s occupational life, including not only 
the plants at which he worked, but die kind of iob and the 
materials used. The physical examination is important for tu o 
reasons; (1) It may show almost complete absence of abnor- 
mal agns, which, in conjuncrion ivith the extensive roent- 
genographic changes, is almost pathognomonic of abcosis; and 
(2) it may reveal evidences of aedvitv’" of an infectious proc- 
ess. As alr^dy indicated, the most difficult diagnostic problem 
is the determination of the latent element of infection in a 
lesion of massive conglomerate ti'pe. Only repeated examina- 
tion can setde this question. 


Oiher Complications of Silicosis 


The effect of silicosis upon the circulation is a subject that 
has been discussed uithout definite concluaon. Both silicosis 
and heart disease are most frequent in mature adult life. Many 
believe that obstructive fibrosis in the lungs results in cor 
puhiionale with characteristic h^'pertrophy of the right side 
of the heart. If this result does follow it is probably limited to 
cases of massive conglomerate silicotis. Discrete nodulation 
seems to produce litde anatomical change in the pulmonarj* 
blood vessels. But even with conglomerate disease cases are 
rare in which only the right side of the heart is affected. 
Most of them have generalized cardiovascular lesions which 
might easily have originated independently. Obstructive 
fibrosis in the lungs places an added burden on the over- 
worked heart but the writer questions whether it is a primary 
cause of heart disease. 


MTiile some authors have claimed that soluble silica, lib- 
erated in pulmonaiy- lesions, drculates through the body to 
poison other tissues, there is nothing to support this purely 
ffi-pothetical reasoning. Any excess of nephritis that mav oc- 
cm can be explained by the higher incidence of arterio- 
sclerosis at the age penods when siheosis is common. Silicotic 
mvo vement of l>-mph nodes at the head of the pancreas is a 
regular findmg and occasionaUy nodes along the abdominal 
aorta are involved. Only once has the UTiter knoivn them to 
cause sjTnptoms. “ 
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Prognosis 

Prognosis in wicompUcated, discrete, nodular silicosis is 
good. In the absence of infection such lesions reduce the re- 
serv’C capacity of the lungs but do not seriously interfere \sith 
ordinary work.' Persons with simple silicosis should be kept 
under observation and given an annual x-ray examinarion to 
detect early evidences of tuberculosis. In the absence of this 
complication their life expectation is not gready impaired. 

Massive conglomerate silicosis is a more serious condition. 
It causes disability in its own right and it is hard to differen- 
tiate from tuberculo-silicosis in an inactive phase. Men svith 
small conglomerate lesions often work with little difficult}’ 
but after exertion dyspnea is much more obvious than in 
those ntith the discrete form of the disease. The large con- 
glomerations are usually incapacitating because of associated 
emphysema. 

Tnberculosis in any form is a serious complication of sili- 
cosis as it is responsible for most of the disabUity from this 
disease. Detected early and promptly subjected to treatment 
it need not terminate fatally in the cooperative patient. The 
advanced tuberculo-silicotic lesions are another matter; those 
in whom there is an element of active infection quite regularly 
progress and although death may occur from other causes, 
many ultimately succumb to their infection. 

Treatment and Disposition of Cases 

There is no knoavn treatment for silicosis; the condition 
must be prevented by control of the dust in the environment 
and by the proper selection of persons tvho are to be em- 
ployed. Good plant housekeeping, the use of water, adequate 
general ventilation and local e.xhausr s}"srems are usuall}' suf- 
ficient to maintain safe concentrations of dust in the air of 
working places. Medical control involves a preemployment 
examination to exclude persons with tuberculous lesions from 
exposure to silica dust and periodic examinations to detect 
evidences of disease in those alread}* employed. 

Independent obsen-ations by Robson, Denny, and Irwm m 
Ontario, and by the Saranac Laboratoty in this counm’ hatj 
demonstrated that alwnimnn and certain of its compounds 
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iL'ill -pTevsTit the developmejtt of silicosis. The Oiuadian ob- 
servers obtained their results finely divided aluminum 
potvder. The Saranac Laborator}'’s experiments were made 
nith the hydroxides of aluminum. Immature silicotic lesions 
are aborted and regress, but fully developed nodules are not 
affected. To be effective, a large quantit)’" of the inhibitor 
must reach the same location and probably the same phago- 
cytic cells that contain the quartz particles. Clicmical re- 
action results in a coating of the silica whose toxic effects arc 
completely neutralized. Experiments are now in progress at 
the Porcupine Silicosis Clinic in Timmins, Ontario, to discover 
whether aluminum inhalation therapy has any influence upon 
symptoms. As a prophylactic measure aluminum inhalations 
might be effective, but difficult of application to a large group 
of workmen. There is no reason to believe that it can ever 
be substituted for engineering methods to reduce atmospheric 
concentrations of dust. 

The disposition of einployees in whom the periodic ex- 
amination discloses different manifestations of pulmonary dis- 
ease depends upon a number of factors: the effectiveness of 
dust control in the plant, the condition and age of the man, 
the opportunities for transfer to other Jobs, and so on. Med- 
ical recommendations in each case must be particularized and 
will depend upon a thorough study of the individual. In 
general, men with simple discrete nodulation may continue at 
their regular work in a plant with a good program of dust 
control. Exception should be made in the case of the young 
employee who manifests signs of early silicosis after a short 
exposure. He is probably more susceptible than others and 
should be transferred to another job, but there is no medical 
reason why he should stop all work. The same may be said 
of the case with a small fi^cus of conglomerate fibrosis with- 
out much dyspnea. jMorc advanced ca.ses of tlie same cliar- 
acter seem to have less dyspnea if they arc allowed to do liglit 
work instead of being laid off with no exercise. Management, 
however, is often embarrassed to find enough jobs of titis 
character in the heavy industries like mining. 

Of course all of these men require constant observation to 
detect the earliest evidence of activity in an infectious com- 
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plication. Open tuberculosis means segregation for die pro- 
tection of the rest of the group; early tuberculosis should be 
^ven^ full sanatorium treatment, and recovery is quite pos- 
sible m the cooperative patient. Xhe chronic tuberculosili- 
cotic is best cared for on a modified regimen of exercise. Ulti- 
mate recovery is rare. 

RAPIDLY DEVELOPING SILICOSIS 

A rare and at^'pical manifestation of silicosis has occurred 
in a few groups of persons exposed to excessive concentra- 
tions of very pure and very fine quartz dust. This condition 
was first identified in persons manufacturing and packing 
abrasive soap powders and it was assumed that free alkalies 
associated with the silica caused rapid solution of the inhaled 
quartz. Animal experiment finds no justification for this hy- 
pothesis and subsequent observation has demonstrated similar 
cases in sandblasters working in enclosed tanks and certain 
tunnel workers v^hose exposure included no alkahes. After 
periods as short as eighteen months some of these operatives 
have developed severe dyspnea. Chest roeingemjgram reveal 
only a fine diffuse haziness throughout the lung fields with 
no suggestion of the classical noduJation. A few have died 
within a year or so and a number of autopsies have been ob- 
tained. Alany of them showed a complicating tuberculosis, 
and in most of the others the cause of death was a nonspecific 
bronchopneumonia. But apart from these infectious lesions, 
all of the lungs have presented a generalized induration 
which, in gross, suggested an organizing pneumonic proc^. 
but on microscopic examination was revealed as a diffnse sih- 
cotic reaction. Irvine aptly described it as a “dust pneu- 
monia.” 

Practical!)' the same picture is seen in guinea pigs exposed 
to excessive amounts of pure quartz dust of ver)' fine pamcle 
size. Innumerable sihcotic nodules of microscopic dimen- 
sions occur throughout the walls of the pulmonar)* air spaces. 
There is also a generalized proliferation of all connective tis- 
sue elements in the lungs and the formation of plugs of similar 
tissue within some of the alveoU. Tracheobronchial l)imph 
node reaction is minimal. Apparently the lung is so near!) 
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oTerrnielmed with the large amotmt of a potent irritant thaj 
the h-mnhatic spstem is enrirely inadequate to remove it. 
Reacdon besins simnitaneonsly thronghont the fancaonal 
pamons of the orgam However, even under such circum- 
itmces. rime is essential tor the quartz to produce an} gros 
cLraae. In guinea pigs nothing can be seen for the lusi. srs: 
Ecosnis of exposure. Therefore it seems ill advised to describe 
this condition as an "acute" rilicoris. 

The dbgnosis depends upon the history ot an unusual es- 
nssarc which must be verified in all e^enrial details, upon 
the roentsenoEram with its barely iden tifiab le haziness and 
the picture ot marked dyspnea. These cases need 

careful protection against infection. 
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spaces in the midst of a fibrous zone are apparently supplied by unin- 
volred bronchioles outside the plane of section. It is probably these air 
spaces which dilate after being cut off and appear as emphysematous blebs. 

A characteristic feature is the presence of large numbers of jsbenosis 
bodies. These structures result from the deposition of albuminous material 
and iron upon the surface of the inhaled fibers. They vai}’ in size and 
shape from minute globules 1 micron or less in diameter to haustrated 
rods 5 to 60 or more microns in length. They are golden-yellow in color 
and exhibit many bizarre forms. Most have swollen, club-shaped^ ends and 
many show beading or smooth, lateral projections. They occur in clusters 
svithin air spaces or widely scattered throughout the scar tissue. 


Roentgenologic Findings 

Roentgenographic appearances of moderately advanced, 
uncomplicated asbestosis are much less obvious than the ana- 
tomical changes would suggest. Inspection of the film reveals 
a light, diffuse haziness overlying the lotver third of both lung 
fields. Evidences of pleurisy may or may not be visualized. 
As the fibrosis matures the haziness is more pronounced unul 
it reaches the so-caUed “ground glass appearance” which ob- 
scures aU lung markings. The upper thirds remain relanvely 
clear. The failure of the fibrosis to cast a more dense shadow 
is probably due to the relatively large number of patent air 
spaces persisting throughout it. As histological examinanon 
reveals as much reaction in the upper lungs as in lover 
thirds, it is inferred that the distribunon of the x-ray shadows 
is due to the greater thickness of the lower lung, er) a 
vanced cases may show a fine stippling and a certain ^moun 
of reticulation superimposed upon the ground S ^ 
ground. In such cases pleuropencardial adh^ions are resp 
sible for the so-called “porcupine heart shadow. 

Relationship to Infection 

American suiv'eys reveal no such general excess 
cuS as occurs in'the free silica industries. In Eng^d muc^h 
more infection has been reported and autop^^ i fZrJilosis. 
all countries reveal many instances of for 

Animal e.xperiments demonstrate no 
tuberculosis to progre^ upon a backgroun^d • 
infections frequently heal, accentuanng the "brosis p 
by the dust. It seems probable that soao-econom 
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inav oun^'eiah those of the dust and that selection has iiv 
fluenced the^incidence in the postmortem cases. Persons with 
asbestosis who contract tuberculosis are apt to be sent to sana- 
toria where autopries tirili be secured because of the special 
interest in the occupational origin of their disease. Those 
d\Tng elsewhere are less apt to come to autopsy. 

Course of fbe Disease 

The course of the disease is somewhat obscure as most of 
the padents who could be followed continued to work urith 
more or less dust exposure in spite of the excellent programs 
of dust control in most American factories. Cases that were 
quite well developed when first observed now reveal more 
intense x-ray shadows; those with little change at the outset 
seem to remain in approximately the same condition. In ani- 
mals no progression occurs after complete cessation of ex- 
posure. Any fibrosis originally present tends to become denser 
but it does not increase in area. Asbestosis bodies disappear 
between two and three years after an injection of asbestos 
into the lungs of guinea pigs. 

Clinical Picfure 

A case of asbestosis exhibits dyspnea which seems entirely 
out of proportion to the severity of the roentgenographic 
changes. These patients are very short of breath, have a dry 
unproductive cough, and are said to have a somewhat bluish 
color. The latter symptom is not invariable. Signs of cardiac 
■njun^ are not generally elicited. Occasionally asbestos bodies 
can be detected in the sputum but they rarely appear in the 
absence of associated infection. 

Complications 

As already indicated tuberculosis may be superimposed on 
this condition, but there is little to indicate an excessive prev- 
aence. Bronchopneumonia is a commoner cause of death. 

cported autopsies from various countries have demonstrated 
ten rases of -pnimry brovchogeiiic carcinoim among pei-sons 
'tath asbestosis but in comparison with the number exposed 

° this dust this incidence would not appear at all surprising. 
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The character of the pulmonary fibrosis Avould seem to be 
ideal to create a cot ptdvtonale because large amounts of 
capillar}' bed are obliterated. However, neither clinical nor 
pathological evidence seems to indicate a high frequency of 
cardiac involvement. 

A complication of the occnpation although not of the pul- 
monat}' disease is the so-called asbestos corn on the skin. 
This is a localized focus of chronic inflammation provoked 
by relatively coarse splinters of the mineral that may pene- 
trate into the subcutaneous tissue. No asbestosis bodies arc 
formed in these lesions. 

Diagnosis 

Diagnosis depends upon a histor}* of exposure to dust of 
asbestos fibers, characteristic chest roentgenograms and phys- 
ical findings. Dust exposure occurs usually in fabricating 
plants where fireproof textiles, brake linings, and similar ma- 
terials are manufactured, or among those using asbestos fiber 
for insulating purposes. Strangely enough experiment has 
demonstrated that the longer fibers are much more dangerous 
than very finel}’’ powdered asbestos. This probably explains 
the absence of Ae condition at the mines where, in formerl}’ 
ver}^ dusty plants, the mineral was ground, separated, and the 
finest products collected for insulating purposes. An average 
exposure of about eight years seems necessar}' to produce 
roentgenographic evidence of asbestosis. 
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LEAD ABSORPTION AND LEAD POISONING 


ROBERT A. KEHOE, M.D.* 


Despite the availabilin* of sound and ■well established 
methods for recognizing and preventing dangerous industrial 
lead exposure, there is still an unnecessarily high incidence 
of lead poisoning among industrial xvorkers. Furthermore, de- 
spite the existence of generally reliable diagnostic criteria, 
confusion and uncertainty often enters into the consideration 
of a suspected case of plumbism, xvhether the question at is- 
sue is the proper care of a sick man, the hygienic status of a 
plant, the granting of compensation, or the outcome of litiga- 
tion. For these reasons, one may be justified in reviewing 
the hygienic and diagnostic problems that arise from the use 
of lead compounds in industr)'. 


the evidences of occupational lead 

ABSORPTION 

The existence of occupational lead exposure can usually 
he recognized by a survey of the materials and activities in an 
industnal plant. The general order of magnitude of the ex- 
posure can be estimated by the determination of the lead 
content of the atmosphere of working spaces, by the use of 
standard methods.^’ * By such means it is usually possible to 
determine the degree of the occupational hazard and the 
extent of the need for preventive and precautionaity meas- 
ures. Indeed if the lead content of the atmosphere of work- 
rooms in the lead trades were maintained generally nithin the 
hmits notv recognized as safe, occupational saturnism, from 
other cause than accidents and the unforeseen effects of 
chafes in plant operations, would cease to occur. However, 
^ ong as the haz ards of many plants are not under such 

Laboiatoiy of Applied Phvsiolosv, Col- 
= ‘ ledjcmc of the UniTerstv of Gacinnad, Cnemnati, Ohio.'^' 
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control, and so long as opportunities for accidental and in- 
advertent lead exposure exist in industry, it will be necessar}' 
to prmdde medical supervision which vill be on the alert for 
the signs of potentially dangerous lead absorption. The 
physiological evidences of lead absorption above the normal 
level should be clearly understood, therefore, for their im- 
portance not only in industrial hy^ene but also in general 
medical and medico-legal practice. 

Urinary Lead Excretion 

The earliest sign of elevated lead absorpdon, and one which 
fortunately is specific for lead alone, is foimd in an increased 
rate of urinar}' lead excretion.® The demonstration of a small 
increase requires careful procedures for the collection of 
samples and detailed knowledge of the physiological factors 
concerned with the urinary’ excretion of lead. 

Various published statements have appeared to the effect 
that the urinar)’ lead fails frequently to reveal the extent of 
lead absorption, that the results obtained on urine samples are 
too variable, and that the blood, more constant as to its lead 
content, should be used for obtaining analytical information. 
These conclusions have sprung from inexperience or from 
the use of inadequate methods for the collection and analysis 
of samples. It is true that urinar)’’ samples of small volume 
obtained at random are subject to considerable variation in 
their lead content. In indi\tidual cases, the latter varies chie/1}' 
with the urinar)^ volume during the period of collection, i.e., 
if the urine is concentrated the lead concentration is relative!)’ 
high, if dilute from high water intake or diuresis, the lead 
concentration is relatively low. This factor can be controlled, 
in the case of small volumes, by proper selection of the time 
of scniipling so as to avoid extremes of water intake and out- 
put; it can be eliminated altogether b)' collecting one or more 
liters of urine, making sure that no unusual quantities of 
liquid are taken to speed up the collection of the sample. 

Equally important is the avoidance of contamination of 
urinar)’’ samples, and the smaller the sample the greater must 
be the care in this respect. Urine samples collected m the 
usual n-pe of washrooms or medical quarters in manufactur- 
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iaa plants, or obtained by customaiy' hospital procedures, or, 
in fact, secured by any other than by precise methods con- 
trolled by the examiner, are not only valueless but grossly 
misleadins as to their lead content. Lead is ubiquitous, and it 
is dificult under the most favorable circumstances to avoid 
sU sources of contamination. 

Xcnerocs ccse reports in cnrrenc joumsls include anrd^tical decs on 
the urine which bv mere inspecdon can be discarded as erroneous. In 
serrre instances ihe quantinss found bear no relation to the conditions or 
eipcsnrs bnotm or believed to have existed, and in others they are en- 
crsly bevond me rryaTrmM limits of urinarv lead excretion. In this con- 
t^cnon it Gonld be pointed out that a urinary lead concentratioa in excess 
of Oi mH. per liter is a raritv, that concentrations higher than 03 mg. per 
Iher are associated onlv with grosslv dangerous conditions of lead ex- 
p^sare and absorption, while vSues exceeding 030 mg. per liter do not 
otmr in anv odier hishlr concentrated urines without a definite and 
scar: rant exposure to lead such as is associated with the admittedly 
lead trades. 


UnnjTj Lead Concentration— hi practice, one must de- 
pend upon results expressed in terms of urinaiy' lead concen- 
trarion rather than on the basis of lead output per unit of time. 
The urinary lead concentration can alvrays be determined, 
but measurement of the excretory rate on a time base is not 
alvrays fea^le, and over short periods of time it has no 
advantage over random sampling. Moreover, the extensive 
oata on the nrinarv' concentration of lead under a wide 
vanery of conditions, have given it a practical rignificance 
winch is more certain than is that of the lead output per day. 
For comparaiive purposes, therefore, analytical results should 
alvrays be expressed in terms of concentration, and when 
possible, on a rime basis as well. 


EvamlnaHon of Blood 

The greater srabilitv* of the blood, with respect to its lead 
concentration, from hour to hour, as compared to tbe urine, is 
unquestioned. On the other hand the change in the blood 
concentration as a response to lead absorption is proportion- 
srely less than that of the urine, the result being that the 
effects of exposure are more easily demonstrated hv the uri- 
narv- lead concentration than by that of tbe blood. The chief 
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advantage of the analysis of the blood, for diagnostic pur- 
poses, lies in the fact that it requires no manipuladon on the 
part of the person examined. If proper precaudons are taken 
by the examiner, therefore, no factor of contaminadon need 
be considered. Blood samples, however, must be taken with 
the utmost precaution in a dust-free room, by means of 
specially fabricated needles, into specially cleaned containers. 
The minutest details of handling are of the same importance, 
though of different type, as those used in the maintenance of 
aseptic technique in surgery. Lead, like minute living organ- 
isms, enters into samples through the air by means of contact 
truth any save the most medculously purified water, reagents, 
glasswrare and other equipment. 

Examinafion of Feces 

The value of the analysis of the feces of groups of exposed 
workmen as a means of determining the relative magnitude of 
their lead exposure by higesrion and inhalation has been 
pointed out elsewhere.^ By rdrtue of the fact that a consider- 
able proportion of dust in the respired air is caught in the 
upper respiratory tract and subsequently srvallowed, the 
quantity of lead appearing in the feces provides a somewhat 
crude but highly useful measure of the exposure for the 
period represented by the fecal sample. The lead in the feces 
is predominantly and, indeed, almost wholly ingested or 
inhaled (subsequently SAvallowed) lead under any other than 
the most unusual circumstances. It is probable that consider- 
able quantities of lead may be secreted into the alimentary 
tract for a short period following the absorption of very large 
amounts of lead, but, in the main, the true alimentary excre- 
tion of lead is quite small. It is probably of little greater 
magnitude per day than that excreted in the urine, and it may 
be even less under certain circumstances.®’ ^ 

This true alimentar}^ lead excretion is completely m^ked 
by the much larger quantity of unabsorbed lead that is in- 
gested with the food under ordinary condirions. It is quite 
hupossible to determine its magnitude or even its occurrence 
when lead exposure occurs through inhalarion of dusts, for 
under these condirions it is an exceedingly minute fraction 
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of die fecal lead. For these reasons the fecal lead, as such, 
bears no sisnificant relation to the lead content of the bod\ 
of an individual, and indicates no thin g ■with respect to ab- 
sorbed lead. As a means of estimating the lead absorption of 
either groups or individuals for diagnostic purposes it is 
wholly -worthless. 


Oth:r Evidences of Lead Absorption 

OicT EEia of lead absorption above normal levels are: (1) chansK in 
die ettatttirv and distribntion of basopbiiic material witbin the ertvhro- 
cvKs. and "(2) the appearance of pnnctate depoats of lead sulfide in cer- 
tain mncots membranes, espeoally in the margin of the gum tissue. 
Xeier of these siEns is indicative of lead intoxication. Bodi occur in 
cnnrelv healdrv p^sons, except that the gingival lead fine occurs only 
tthere sulfide is present in the sum tissue and. therefore, it is usually 
asodatcd with a low-srade sinsivitis. It is rarely seen in the gu m s of 
childien, for example, among whom chronic gingivitis is uncommon. 

Pnxnue Baro-pHIia, or of ths Emvrro cy tes.—\Vtthin cer- 

tain Ihmts. stippling is of normal occurrence in the human blood. In ex- 
tile blood of some thousands of apparently normal healthy adults 
free of occupational lead exposure, my associates have found such erythro- 
cvHs in Eumhers ranging from one or two up to as high as ax thousand 
per minion erytiiroA-tes, Some d per cent of the group showed one 
tfconsmd or m.ore pet millioa erytiirocyres, while the mean figure for 
persons was 359.1S i: 9.72 per millioa erythrocytes.® The nmnber of 
such stippled ervthrocytes in die blood shows little or no change with 
stncU increments of increased lead intake, but at higher levels of expcfiure 
tad absorption their number in the circulating blood tends to increase. 
Couscerabie variation in the degree of individtial response is observed, 
tun faiily Trice variations occur from day to day; but uIJi increaaaglv 
severe conditions of lead exposure there is a definite trend toward in- 
ssmg numbers of stippled erythrocytes in the blood of exposed work- 



estimating the severitv 
o. occupational lead exposure, and for the inadequacies of such measure 
for diagnostic pnrposes in individual cases. Sumce it, for present purposes, 
to point out tiiat hazardous exposure to lead compounds is associated with 
tito appearance of definitely abnormal numbers of basophilic ervthrocs-ics 
in the blood of a contiderable proportion of exposed workmen.” 

Leai line cm'Gmig.-A “lead line” may appear in gum marifins which 
:re me site of bacmnal invasion whenever tiie lead "contenr of die in 
volved tissues is sumcentiy elevated. -We have observed the apnearancc 

« infected gingival area in onrperson 
wh^ b!ood_con^ed lead only to the extent of ODJ mg. per IM ^lams 
tasily identiaca lead Imes smnirv somewhat higher levels l<-d Jisn *" 
tiom and m_ge.-iemJ, they are inmcn^eof hazardous lead ex^s^ 

^ess. obvious _^nts ot lead sulnde axe seen in the ^ of 
vmh no cemonstrable symptoms or signs of intoiicatioa: Th=v 
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differentiated from similar deposits resulting from the precipitation of 
o4er metallic sulfides, notably of bismuth, and they must not be confused 
srith the normal pigment of Xegroes and correspondin»lv dark-skinned 
peoples. The former differentiation is sometimes provided by the medical 
historj' of the person in question, but may require analysis of the blood 
or urine or both; the latter can usually be made by careful studv of the 
locus and appearance of the pigment. TTie natural pigment is rareh' found 
in the gum tissue on the lingud side, while a favored site for the first ap- 
pearance of lead line is in die e.vtreme lingua! edee of the sum opposite 
the bicu^ids and molars, especially in the lower jaw. The bluish purple 
line of gingival congestion may be taken for lead line by the inexperienced, 
and especially if examination is made without expression of the blood by 
means of a transparent applicator (such as a glass slide). .More frequently, 
the stained or discolored surface of a tooth just visible beneath a thin laver 
of gum tissue is mistaken for a lead line. The differentiation is not alwavs 
easy and resort must sometimes be had to the use of a hand lens, or even 
to biopsj’^ followed by microchemical or spectrographic analjtsis. 

THE RECOGNITION OF DANGEROUS LEAD EXPOSURE 

The differentiation of hamiless from toxic human lead ex- 
posure in any final sense must be based upon adequate means 
for detecting the earliest or the sh’ghtest toxic effects of lead 
upon the human organism. So much has been said and be- 
lieved about the insidious and unpredictable effects of lead 
absorption, that it is difficult to approach the subject in a 
realistic manner. Admittedly, in the case of lead, as veil as 
of most elements and compounds whose physiological be- 
havior cannot be defined in complete detail, it is well to 
maintain openness of mind and acuin* of observation, with 
respect to remote effects upon general health, well being, and 
length of life, that maj' accrue to individuals and groups as 
the result of prolonged e.xposure. 

Nevertheless, careful clim'cal study of workmen under 
knovTi conditions of lead e.xposure over periods of years, has 
provided convincing evidence of the validity' of certain 
'tcorking prhwiples on which modern hygienic practice in the 
lead trades is based. These principles, stated in general terms, 
are as follows: (1) that the toxic effects of human lead ab- 
sorption can be detected and identified as a well defined 
clinical sjmdrome despite some variabihn' in details; (2) that 
persons who do not develop lead poisoning in recognizable 
form, suffer no demonstrable injurx' to their health or well- 
being as a consequence of their absorption of lead; and (3) 
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tbt dangerous lead exposures can be differentiated from 
safe on a quantitative basis. Each of these points merits care- 
ful consideration. 


Uid Inioncalion [Plumblsm) 

The conviction or the acquittal of lead as the causative 
factor in the illness of industrial •n'orkers is relatively easy if 
conditions of exposure to lead are well known and if such 
illness is subjected to adequate medical study at the time it 
develops. For this reason the attending industrial physician 
should have considerable advantage over other phv'sicians 
nho may be consulted. The latter usually lack precise infor- 
mauon as to the exposure, and, therefore, must either accept 
hearsay^ information on that score, or resort to indirect 
means for determining the facts, f.e., laboratory evidence of 
lead absoxpnon. Such indirect evidence can be obtained satis- 
factoiily jirdy if the patient is seen early in the course of his 
. bnfortunarely a physidan is often consulted some 
after die subsidence ot the episode of intoxication, and 
m such case he must depend, tor this and all odier data, on 
sour(^ that are likely to be inadeouate and are sometimes 


In view of the differences of opinion that arise out of 
^^'■^sisLxinces IT seenzs advisable to discuss certain 
pOi ^cpscs Gt the diagnosis of lend poisoning from the 
general phvsrcrsn. vrhose knowiedse and 
iDd^enn as compared vffdx -Ji^r of the industrial phVsician 

S' In dS ^ Kope of 

of lead ah^-o-h- ?!'' 

and that h ennancea thereby 

''' V bmm E based upon Cz) a hisrorv of 

?“=s£nce of an iHne£. o' 

lead h-r.— -""r ' S" - ^imrcai picture of 

CL Ishoratorv- 

o„c- m pracncs. since they lead by different 
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means to the same end, that of implicating or excluding lead 
as the specific toxic agent, and in that role the one supple- 
ments and in some instances substitutes for the ocher. How- 
ever, they can better be discussed separately. 

A History of Lead Exposure 

The history of lead e.xposure as it is commonly recounted 
to the physician is likely to be worthless and is often mislead- 
ing, not so much because it may be intentionally colored, as 
because it gives an inadequate basis for determining the sever- 
ity of the exposure. Detailed knotvledge of industrial pro- 
cedures and precise information as to the conditions existing 
in a specific plant or operation, are absolute essentials for the 
interpretation of such an history. If the examiner’s experience 
in industry is extensive, he may sometimes elicit the informa- 
tion he requires by careful questioning. Otherwise, he will 
be tvell admsed to use the history merely as an indication chat 
lead absorption is a possibility in the case, and seek informa- 
tion as to the extent of the exposure through other channels. 
The assumption that employment in actual or supposed lead 
trades involves hazardous lead exposure is the most frequent 
cause of erroneous diagnoses of lead poisoning in industrial 
workmen. It is one which can be avoided only through the 
general acceptance among physicians of the fact that lead 
e.xposure has no meam'ng in the hygienic or diagnostic sense 
urdess it results in the absorption of toxic quantities of lead. 

Clinical Picture 

The clinical picture of lead poisoning is illustrated in part 
by the data obtained from a series of thirty proved industrial 
cases that have come to us before the subsidence of an acute 
episode of intoxication. Table 1 gives the symptoms as re- 
corded, in the order of decreasing frequency of occurrence, 
and indicates the number of instances in which the specific 
sy^mptom was not mentioned in the record. Tabic 2 lists the 
physical signs in similar manner and in addition sho\ys ^vhc^ 
the siffn was recorded as absent. Table 3 shows the chief com- 
plaint^ at the time of the examination. None of these cases 
was seen at the onset, and several were seen late in the to.xic 
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episode, the average nine between the onset and our examina- 
doa being thim* days. The series, therefore, is characteristic 
of cases of active industrial plumbism as they occur in gen- 
eral or consulting practice in diversified industrial centers.* 
From these data it is apparent that the physical signs found 
m lead intoxication, xvith the exception of the gingival lead 


TABLE 1 

Fxrqrsscr or Ocxxsssxcs or Svurroijs ix Tetstv C\ses or Le.u> Posoxixg 
SrcDisi) Bsross Svssidsxg; o? .xx Acctz Episods 


WeaLcess 

Reiritlos 

CGnstfoitioa 

Ccsc.: ' 

Aroreva.. 

Abi onixal pain 



lassffide 

Frequent use of cathardcs 

Gt^eralired aching 

Vcnatzng T 

Xausen.! ' 

Ineornnia 

Headiche 

lleJalL'c taste 

Ge=e.-aiized stiSness 

Ficessjve dreaming 

Ev«s3\-e salivation 

Foaiized natjliii,. . 

Jetiso....:..: 

Aocnu::a 

^umbness of estremitiss 

Alcsde cramps 

fcpolence 


‘tXenTonsaess'’ 

fevdEcas 

hyapbagia 

Ataaia 

Stupor or coma 


Recorded as 
Occurring 
, 30 
, .,27 
... 25 

7S 

23 
23 
21 
. 17 
17 
16 

. 16 
15 

. . 13 
... 12 
12 
10 
9 
S 

. . S 
. . S 


Xo Data 
0 


9 

15 

15 

14 

14 

15 
17 
IS 
IS 
20 
21 
22 
22 
22 
25 

25 

26 
27 
27 
27 
2S 
2S 
2S 
2 S 


vhich as indicated previously is not a sign of into.xica- 
°o< lit only of absorption— are rather few in number and 
quite nonspecific. 

Qus complaints, on the other band, are numer- 

hey too are nonspecific, but case studv shows that thev 

% o * - 

Ins described bv Russell and 

^ ofVorkmen in 
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group themselves in such a way as to reveal the patterns of 
the toxic process. Obviously, there is a general intoxication in 
which 'weakness, loss of 'weight, and lassitude are prominent. 
Associated xvith these, and producing much the commonest 

TABLE 2 

Frequen-cy of Occuerence of PmsicAL Signs ix THum Cases of Lead Poi- 
soning Studied Before Subsidence of an .Acute Episode 


Ph3-Eical Signs 

Present 

.Ibsent 

XoD, 

Lead Lne. 

20 

10 

0 

Pj'orrhea 

20 

5 

5 

Extensor weakness of Avrists 

17 

9 

4 

Malnutrition 

12 

12 

6 

Abdominal tenderness 

11 

14 

5 

HJperactiAe biceps reflex 

10 

12 

8 

Hj-peractive patellar reflex 

9 

18 

3 

Tremor 

9 

12 

9 

Pallor 

8 

11 

11 

Sensoij’ disturbances 

7 

17 

6 

Excessn e sabA-ation 

S 

14 

11 

Myoedema 

4 

5 

21 

Jomt tenderness 

4 

20 

6 

Ej egroiind changes 

3 

20 

7 

Stupor 

2 

28 


ConA-ulsions 

2 

28 


Delirium 

1 

29 


Coma . 

1 

29 


Bilateral Avnst-drop 

1 

29 



clinical picture, is a disturbance of the gastro-enteric tract of 
which constipation, anorexia, and abdominal discomfort or 
actual colic are the regular manifestations. There may be ad- 
ditional sj’^mptoms arising from iieuromotor abnonnalities, 
and from intoxication of the central nervous system. The 

TABLE 3 

Chief Compeaint at Thie of Examination in TinRn Cases or Ij- ad Poisoning 
Studied Befopj; Subsidence of an Acute Episode 

Complaint 

-Abdommal pain, cramps or colic 
Genera] newness 
Joint pain 

Xau'ea and a omiting 


Frequencj" 

22 


variations in the severity of these associated complaints give 
rise to the three main clinical types of saturnism, the gastro- 
enteric, neuromuscular, and cerebral. Physical signs, although 
meager, accompany these SA'mproms, and by their n'pe and 
importance tend to estabhsh the character of the intoxicanon. 
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Thus, if the only complaints are referable to the gastro-entenc 
tract, the physical signs are likely to be limited to pallor, mal- 
nutrition, loss of tAeight, and abdominal tenderness on exam- 
mation, or the tusceral signs of acute abdominal pain. If the 
neuro-motor sjTnptoms are predominant, there nTll be con- 
comitant signs of motor weakness, paralyses, atrophy or 
di'sfunction of muscles and muscle groups, or at least dis- 
turbances in muscle tonus and changes in reflexes. 

The occurrence of cerebral symptoms, such as insomnia, 
excessive dreaming, nervous excitation or depression, together 
uith headache, vertigo, nausea and vomiting (the latter four 
cannot be assumed to have had cerebral origin), may be seen 
not to be limited to the encephalopathic tx^e of plumbism, of 
which there were only two examples in the series, '^^Tlether 
due to the effects of lead upon the brain or to circulatorji’’ 
disturbances, these sj^ptoms indicate that the central nervous 
system is involved frequently in lead poisoning despite the 
low incidence of seiious cerebral intoxication. This fact is in 
keeping uith other clinical and experimental evidence, too 
extensive for this discussion, that strongly supports the behef 
that the degree of cerebral lead intoxication is not a matter of 
chance variation in individual response to lead absorption, but 
is rather an expression of the extent of cerebral lead absorp- 
tion. Further support for this thesis is given by the occurrence 
of the two cases of encephalopathy in this series, both having 
their origin in severe and prolonged exposure to lead dust. It 
is generally believed that lead encephalopathy in adults is the 
result of intense lead exposure, and that the comparative in- 
frequency of its occurrence in present-day American indus- 
in comparison with an earlier period, is due to the elim- 
mation, in the main, of unregulated and grossly hazardous 
lead exposure. Our experience bears out this belief. The 
clinical evidence hkewise supports it, in that when the cere- 
bral sitnptoms are foremost in the clinical picture, the objec- 
tive signs of increased intracranial pressure and of profound 
cerebral and general intoxication develop, culminating not in- 
frequently in. commlsions, coma, and death. 

It k not always recognized that other serious or disabling 
manifestations of lead poisoning invohnng the nenmus system 
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are associated only with relatively severe types of lead ex- 
posure. The instance of bilateral 'wrist-drop in this series is a 
case in point. Our experience indicates that tremor, hj'perre- 
fle.xia, varying degrees of weakness of extensor muscles in 
the forearm, and minor sensorj’’ disturbances are not infre- 
quent in their occurrence among workmen under definitely 
hazardous conditions of lead exposure, but that full-bloum 
neuritis and paralysis is rare and arises only from severe and 
usually from prolonged lead exposure. We have not seen 
paralyses of the lower extremities or trunk in lead poisoning 
in the adult, nor have tve seen opric neuriris and atrophy ex- 
cept in association udth such an obvious eriologic factor as 
glaucoma. 

It is apparent from the foregoing data and discussion that 
lead poisoning as a clinical syndrome resulting from the less 
severe (i.e., partiaily but incompletely controlled) tj'pes of 
lead exposure that characterize the American lead trades b\' 
and large at this time, is essenrially a toxic derangement of the 
gastro-enteric tract, on xvhich are superimposed various func- 
tional disturbances of the peripheral and central nen'ous 
system, the type and severity of w'hich depend largely upon 
the severity and duration of the lead exposiure. This epitome 
is lacking in one important respect, in that the effects of lead 
absorption upon the blood and the bone marrow are not in- 
cluded. This feature of the disease vdll be covered under the 
findings of the laboratory. 

Laboratory Findings 

The laboratoty findings occupy an important position in 
diagnosis of lead poisoning in any case, and are especially 
valuable, as suggested preriously, when the severity of the 
lead exposure is unknoxvn or open to question. Indeed in 
many instances they constitute the only objective means for 
determining whether or not there has been occupational lead 
e.xposure, and for establishing its potential significance in rela- 
tion to a suspected or alleged case of lead poisoning. How- 
ever, if it is useful and often necessary to obtain laborator)^ 
data, it is even more important to recognize their limitations. 
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Characteristic laboratorA* findings in lead poisoning are 
illusnated in Table 4. A cursors* examination of these data 
rereals a number of important facts. 

1. The erythrocyte count is likely to yield low and per- 
haps quite low results, but on the other hand it mav be en- 
oraly normal. 

2. likesrise. the hemoglobin content of the blood may be 

low, only slightly diminished, or undiminished. 

Ine leukocytes show no characteristic change. (Al- 
ongh more or less specific, progressive changes in certain 
u ts-ps have been reported tmder conditions'of prolono-ed 
^rapanonal lead exposure.^® such changes could have but 
wue sgmficance when only one or a few differential leuko- 
. counts can be carried out in the individual case.) 




or L^scratozy 

E3-NCX or VC ^ POEOXIS-G Sttoed Betose Scs- 


Rmge 
5440-5400 
S 47-14 0 
4300-11.000 
35-SS ■ 
12-56 
720-16,000 
• 0 07-0,55 
0.07-O.S5 
0.12-0.33 


Mean and P. E. 
4275 = 71.0 
11.4 = 0.5 
7750 = 300.1 
60 6 = 1.7 
32.7 = 1.3 
5556 = 6S5 
0,17 = 0 01 
0 25 = 0.02 
0 22 = 0.01 


Iters 

(M./caaasi.) 

^^^^/G=s./lO0cc) 

polvs.. 

; -P.- ea ecYtnocvtK /cJOio-i 

*—60 ssdple o; unae (Mg./L.) 

^ ^^^^ber of ‘^rtip. 

Occasioniuv peripheral blood in most casK 

Posure. ‘Without excenrirf °° abnormal lead ex- 

)^ere found in the blood erx-throcA-tes 

intoxication. an<3 tn persons with active lead 

^ere foSi T^S nieces detoly abnormal n^ 
Aat of mar^^tlworkern ^d 

sudden ove^^e W instance 

^PPled absence of 

=icuve illness is conSdncT ^ of an 

of the illness. diat lead is not the cai^e 
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LEAD 


absorption and lead poisoning 


aaracceristic laboraton- findinas m lead Pf ^ 

iUustrated in Table 4. A cursor}- esanunanon of these data 

reveals a number of important faOT. ^ 

1. The erythrocyte count is likely to jneld Iom and p r 
haps quite low results, but on the other hand it may be en- 

tirelv normal. - , . i j 

2. * Likewise, the kemogiobin content ot the blood ma} be 

sisnificantlv low, only slightly diminishec^ or undiminished. 
'"S. TTie leukocytes show no characteristic chaise. (Al- 
though more or less specific, progressive changes in certain 
cell n-pes have been reponed under conditions of prolonged 
occupational lead exposure,^® such changes could have but 
little significance when only one or a few differential leuko- 
cite counts can be carried out in the individual case.) 


T.ABLE 4 

Baxss or V-tttxs ak3 Ux-av V.hcxs ro 2 Vawovs Iisis or LAsos-vrosi" 
IxTosiiArrox ox Tnisrs: C^ses or Lead Poisoxrxc Sicbied Bzro'zz Svs- 
Exrxcs or .ax Aczzz Eriscas 


It« Range Mean and P. E. 

Errthrocvtes (il./csmnn,) 3440-5400 4275 — 71.0 

(Gn./lOO cc.) S.47-14.9 11.4 = 0.3 

Lenboeyts (cnjnn.) 4300-11,000 7750 — SCO.l 

Percentage polys 55-3S 60.6 = 1.7 

Percentage lympn, ^ 12-56 32.7 = 1.5 

SSppled etyTnioc}'tes''in3Hon 720-16,OM 5S56 =e= 6S3 

Lead in blood (Ms./lOO gn.) 0.07-0.35 0.17 = 0.01 

Lead in sar.aS sample c; urine (Alg./L.) 0.07-0,S5 0.23 i 0,02 

Lead in large sample C! unne (AIg./L.) 0.12-0.33 0.22 = 0.01 


4. There is a significant increase in the vumber of “sfip- 
p!ed' erythrocytes in the peripheral blood in most cases. 
Occarionally, the numbers are little or no greater than those 
found in normal healthy persons with no ^normal lead ex- 
posure. A^fithout exception, however, stippled erj-throcA-tes 
were found in the blood of these persons with active lead 
intoxication, and in mo^ instances definitely abnormal nnm- 
bers were found. This is in accord with our experience and 
that of many other workers. Indeed, except in rare instances 
of sudden overwhelming lead intoxicarion, the absence of 
suppled eiy-throcytes in the blood during the course of an 
acQve illness is convincing evidence chat l^d is not the cause 
or the illness. 
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to verifA' the siemficance of the lead exposure. It is good 
practice, therefore, to obtain blood 

samples of urine in routine diagnosnc u-ork. K boA the blood 
and the urine sive normal or abnormal results, the mte^re- 
tarion is obvioiis, but if they are dirergent, further analyses 
are required to establish the facts. _ 

Conadering the laboratory data as a whole, there is noth- 
ing in them, "except some evidence of anemi^ in most in- 
stiices, to denote incoxicadon, and since anemia due to lead 
is not specific in its characteristics, neither this abnormalit}' 
nor any other gives adequate basis for a diagnosis. On the 
other hand, the analytical data provide the very significant 
evidence that hazardous lead exposure had occurred, if the 


time interval since termination of exposure were taken into 
account. This, as previously indicated here and elsewhere'^ 
is the role of lead analyses in the diagnoris of plumbism. The}' 
perform this role admirably, but they shotdd not be given 
weight in any other capacity. We have not been able to 
verify the conclusion of Smith and his associates^- that a shift 
in the pardrion of lead beru'een cells and plasma in the blood 
serum is indicative of lead intoxicadon. 


Safe Occupational Lead Exposure 

Experience has shomi that when occupadonal lead expo- 
sure is insufficient to cause at least occasional toxic episodes 
resembling those described as characterisdc of plumbism, no 
evidence is found of vague general disorders or impairment 
of the health of workers that differ in frequency or degree 
from chose seen in any comparable group of unexposed indus- 
trial employees. To be sure, careful studies must be conducted 
over long periods of rime ro determine whether this is 
strictl} true, but there is no presently available evidence 
which justifies serious doubt on this score. It is possible, how- 
ever. that the standards non- emplot'ed to define safe lead 
exposure may be subject to s%hr change, both qualicarively 
and quantitarirely. Of the rarious standards that mio-ht be 
considered, Acre are nvo which by reason of their'^sound 
practscai and theoretical background are most likelr to en- 
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are associated only Tadth relatively severe tj'pes of lead ex- 
posure. The instance of bilateral 'wrist-drop in this series is a 
case in point. Our experience indicates that tremor, hyperre- 
fle.xia, varj^ing degrees of weakness of extensor muscles in 
the forearm, and minor sensorj’' disturbances are not infre- 
quent in their occurrence among workmen under definitely 
hazardous conditions of lead exposure, but that fuU-blovui 
neuncis and paralysis is rare and arises only from severe and 
usually from prolonged lead exposure, "l^^e have not seen 
paralyses of the lower extremities or trunk in lead poisoning 
in the adult, nor have we seen optic neuritis and atrophy ex- 
cept in association vdth such an obtdous etiologic factor as 
glaucoma. 

It is apparent from the foregoing data and discussion that 
lead poisoning as a clinical sjmdrome resulting from the less 
severe (i.e., partially but incompletely controlled) tjqies of 
lead exposure that characterize the American lead trades by 
and large at this time, is essentially a toxic derangement of the 
gastro-enteric tract, on which are superimposed various func- 
tional disturbances of the peripheral and central nervous 
system, the type and severity of which depend largely upon 
the severity and duration of the lead exposure. This epitome 
is lacking in one important respect, in that the effects of lead 
absorption upon the blood and the bone marrow are not in- 
cluded. This feature of the disease voll be covered under the 
findings of the laboratoty. 

Laboratory Findings 

The laboratoty findings occupy an important position in 
diagnosis of lead poisoning in any case, and are especially 
valuable, as suggested previously, when the severity of the 
lead exposure is unkno\tm or open to question. Indeed in 
many instances they constitute the only objective means for 
determining whether or not there has been occupational lead 
exposure, and for establishing its potential significance in rela- 
tion to a suspected or alleged case of lead poisoning. How- 
ever, if it is useful and often necessary to obtain laboratory 
data, it is even more important to recognize their limitations. 
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Characteristic Iaborator>^ findings in lead 
iUustrated in Table 4. A curaor)- examination of these data 

reveals a number of important facts. . , , , j 

1. The erythrocyte count is likely to yield low and per- 
haps quite low results, but on the other hand it may be en- 

rirelv normal, ^ j 

2. Likewise, the heynoglobin content of the blood ma\ De 
sisnificantlv low, only slightly diminished, or uddimimshed. 

'’ 3 . The leukocytes show no characteristic change. (Al- 
though more or less specific, progressive changes in certain 
cell n^ies have been reported under conditions of prolonged 
occupational lead exposure, such changes could have but 
little sisnificance when only one or a few differential leuko- 
c\'te counts can be carried out in the individual case.) 


TABLE 4 

Bjcsts. tii VXLVIS .XSB IsSEJCS VjCeGSS VsaiOVS, IlSlS CV LjEASSATCiV 

I>rro2iL\Tio>' OK Thsty C.\ses or Lead Poisokisg Stcdied Betoee Strs- 
siDSKcs or AK .Acute Episode 


Item Rsuge Mean aDd P. E. 

Eijtliiocytes (M./cujnm.) 3440-5400 42/5 — 71.0 

HeKOglobin (Gitu/100 cc.) S. 47-14. 9 11.4 = 0.3 

Leukocytes (m .ram.) 4300-11,000 7750 = 300.1 

Percentage poljE 35-S8 60.6 — 1.7 

Percentage IVBipi. , 12-56 32.7 — 1.5 

Stippled eiythiocj-tes/iiuIIiQa 720-16,000 5S56 =t OSS 

Lead in blood (iIg./lOO gm.) 0.07-0.35 0.17 = 0.01 

Lead in small sample of urine (Olg./L.) 0.07-0.S5 0.25 =i= 0.02 

Lead in Urge sample of urine (Mg./L.) 0,12-0.33 0.22 =5=0.01 


4. There is a significant increase in the number of “stip- 
pled^’ erythrocytes in the peripheral blood in most cases. 
Occasionally, the numbers are little or no greater than those 
found in normal healthy persons with no ^normal lead ex- 
posure. ^'S'lthout exception, however, stippled eiythroc^Tes 
were foimd in the blood of these persons with active lead 
intoxication, and in most instances definitely abnormal num- 
bers were found. This is in accord with our experience and 
that of many other workers. Indeed, except in rare instances 
of sudden overwhelming lead intoxication, the absence of 
suppled erv-throcATes in the blood during the course of an 
acuve lUness is convmcmg evidence that lead is not the cause 
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Additional facts vri\h respect to snppling of the en'throcv'tes may be 
snmnianzed briefly. Because of wide variation in the individual response 
of me blood and the bone marrow to lead exposure and to a variety of 
other pooriy defined factors, it is not possible to determine the severity of 
the lead exposure, or the extent of lead absorption, in the individual case, 
b} counting these cell forms. There is a decided tendenc}% however, toward 
a prompt and progressive increase in the number of such erjThroc\'tes, 
both in individuals and in groups, when the lead exposure is abrupdy in- 
creased, and in the absence of proof to the contraint' such chans’es in the 
blood should be regarded as presumptive evidence of increased lead ab- 
sorption in workmen in lead trades. 

Increases in stippling may not be taken as a si^n of existing or im- 
pending lead intoxicarion, for large variations occur t^dthout symptoms or 
signs of illness, bnt they should be considered as danger signals, the urCTenc\’ 
of which is rougUy proportional to their magnitude and speed of develop- 
ment. The numbers of stippled erytiiroc\T:es in the blood diminish with 
variable rapidity on termination of lead exposure, and it is usual to find 
them restored to substanrially normal levels long before the lead concen- 
tration in the blood and urine have shown corresponding decrease. For 
this reason the results in the cases included in Table 4 were considerably 
lower than if they had been obtained earlier. 

5. The lead contem of the blood was devated significantly 
above the normal in all of these cases, despite the time inten-al 
berween termination of this exposure and the analysis of the 
sample. No relationship could be established between the 
lead concentration in the blood and the severity of the toxic 
episode from its onset or the acuteness of sj^mptoms at the 
time of the examination. The blood lead concentration may 
return to substanrially normal levels before the urine does 
so, and for this reason, the urine should always be studied if 
the case is seen late in the course of the intoxicarion. 

6. There is an elevation in the lead concentration of the 
nrine'm ever^' instance as shown by the analysis of samples of 
large volume ( 1 liter or more) . The necessity’ for care in the 
interpretation of analytical results on spot samples of urine is 
illustrated by the results obtained on such samples in this 
series of cases. One of these small samples, obriously dilute, 
■srielded a result of 0.07 mg. per hter; while another, which was 
of very small volume and may hare been contammated 
slinhdy, save the almost incredible figure of 0.85 mg. per 
Hter. Such results would require checking if they stood done. 

In these cases, however, the analj'^ses of the blood an e 
large samples of urine provided aU the informanon required 
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to verify the sisnificance of the lead exposure. It ^ good 
practice^ therefore, to obtain blood samples ^ong ™ 
samples of urine in routine diagnosnc work. If both the blood 
and the urine give normal or abnormal results, the interpre- 
tation is ohxio'as, but if they are divergent, further anal>-ses 
are required to establish the facts. 

Qinadering the laboratory* data as a whole, there is noth- 
ing in them, except some evidence of anemia, in most in- 
srnices, to denote intoxication, and since aneima due to lead 
is not specific in its characteristics, neither this abnormality 
nor any other gives adequate basis for a diagnosis. On the 
other hand, the analytical data provide the very significant 
evidence that hazardous lead exposure had occurred, if the 
rime inteiX’al siace termination of exposure were taken into 
account. This, as previously^ indicated here and elsewhere^ 
is the role of lead analyses in the diagnosis of plnmbism. They 
perform this role admirably, but they should not be given 
weight in any other capacity*. We have not been able to 
verify the conclusion of Smith and his associated that a shift 
in the parririon of lead betn-een cells and plasma in the blood 
serum is indicative of lead intoxication. 

Safe Occupafional Lead Exposure 

Experience has shown that when occupational lead expo- 
sure is insufficient to cause at least occasional toxic episodes 
resembling those described as characteristic of plumbism, no 
eridence is found of vague general disorders or impairment 
of the health of workers that differ in frequency* or degree 
from those seen in any comparable group of unexposed indus- 
trial empIoy*ees. To be sure, careful studies must be conducted 
over long periods of rime to determine whether this is 
strictly^ true, but there is no presently available evidence 
which justifies serious doubt on this score. It is possible, how- 
e\ er, that the standards now employ*ed to define safe lead 
exposure may be subject to slight change, both qualitatively 
and quantitatively*. Of the various standards that mio-ht be 
considered, there are nvo which by reason of their“sonnd 
pracocal and theorencal background are most hkelv to en- 
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Standards of Measurement of Safe Lead Exposures 

1. Expressed in terms of air analyses, the upper Ihnit of 
Sleety for industrial lead exposure is taken to be a concentra- 
tion of IS mg. Pb per 10 cu. m. of air. One interpreration of 
this standard holds that “when the air of workrooms regnlarly 
contains not more than 1.5 milhgrams of lead per 10 cubic 
meters of air, as measured by standard methods, cases of dis- 
abling lead intoxication do not occur among the men who 
work regularly in such workrooms, and cases of questionable 
or mild intoxication are rare. In practice, the attempt is made 
to mamtaiu the lead content of the air unthin such limits as 
will jdeld an average of not more than 1,5 mg. Pb per 10 cu, 
m, throughout the working day, while preventing the occur- 
rence of materially higher concentrations (5 mg. per 10 cu. 
m. or more) .” Ewdence of the validity of this standard has 
been provided by other investigators,®- ® and need not be 
enlarged upon here. 

2, The tipper liinit of safe lead exposure as defined on the 
basis of the urinary lead excretion of exposed taorhnen is 
represented by a wean value of approximately 0.10 mg. Pb 
per liter for samples that do not exceed 0.1 d mg. per liter 
frequently and rarely exceed 0.20 tug. per liter. In order that 
there may be no opportunity for misinterpretation of a stand- 
ard which includes a range of values as well as a mean, some 
characteristic illustrations of results obtained on various 
groups of persons are given in Table 5. It should be pointed 
our that these data have resulted from the application of 
anal 5 'tic methods of high sensitiwty and accuracy. Less sensi- 
tive methods uill yield lower values under corresponding 
conditions, while less accurate ones may give either higher 
or lower values. 

The line of demarcation beween safe and dangerous lead absorprion 
as dra-WTi in Table S is indicated by th? change in the rubrics under u-hich 
the data are grouped. The lead exposure that was r^onsible for the 
analjvical results listed under Plant E was associated with occasional but 
definite cases of lead intoxication among workmen. The cases seen during 
a period of several years in which the severity of the lead exposure bad 
undergone fittle or no apparent change, bad been comparaavely mild. In 
contrast, cases-of wrist-drop had been seen among the wortaen m Want 
G and one fatal case of lead encephalopathy had occurred- The anaijmcal 
re^ts arouped under all three of these plants cover a v.nde range and ar 
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Standards of Measurement of Safe Lead Exposures 

1. Expressed in terms of air analyses, the upper limit of 
safety for industrial lead exposure is taken to be a concentra- 
tion of l.S mg. Pb per 10 cu. m. of air. One interpretation of 
this standard holds that “when the air of workrooms regularly 
contains not more than 1.5 miUigrams of lead per 10 cubic 
meters of air, as measured by standard methods, cases of dis- 
abling lead intoxication do not occur among the men who 
work regularly in such trorkrooms, and cases of questionable 
or mild intoxication are rare. In practice, the attempt is made 
to maintain the lead content of the air unthin such limits as 
null yield an arerage of not more than 1.5 mg. Pb per 10 cu. 
m. throughout the nwlcing day, u'hile prerenting the occur- 
rence of materially higher concentrations (5 mg. per 10 cu. 
m. or more),”^® Evidence of the t^ah’diry of this standard has 
been provided by other investigators,®- ® and need not be 
enlarged upon here. 

2. The tipper limit of safe lead exposure as defined on the 
basis of the urinary lead excretion of exposed xoorkmen is 
represented by a mean value of approximately 0.10 mg. Pb 
per liter for samples that do not exceed 0.11 mg. per liter 
frequently and rarely exceed 0.20 mg. per liter. In order that 
there may be no opportunit}’' for misinterpretation of a stand- 
ard w^hich includes a range of values as v'en as a mean, some 
characteristic illustrations of results obtained on various 
groups of persons are given in Table 5. It should be pointed 
out that these data have resulted from the apph'carion of 
anatytic methods of high sensitivity and accuracy. Less sensi- 
tive methods ■ntill yield lower values under corresponding 
conditions, while less accurate ones may give either higher 
or lower values. 


The line of danarcation beween safe and dangerous lead absorption 
as drawn in Table 5 is indicated by the change in the rubrics under which 
the data are grouped. The lead exposure that was r^onsible for the 
analj-tical results listed under Plant E was associated with occastonri but 
definite cases of lead intoxicatioa among workmen. The cases seen ““""S' 
a period of several years in which the severit)' of the lead ej^osure had 
undergone little or no apparent change, had been comparaovcly mud. n 
contrast, cases- of wrist-drop had been seen among the wortaen ” 

G, and one fatal case of lead encephalopathy had occurred. The 
rekts grouped under aU three of these plants cover a mde range and 
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iire^ar in their frequencies in the higher levels. Irregularly occurrins 
high vdues are open to the suspicion that they have resulted from the 
contammation of samples, and for that reason they have been ignored in 
calculating the means. It is also true, however, that excessively high uxinaiy 
lead concentrations are more prone to occur sporadically when the lead 
exposure of a plant is highly variable, whether because of unavoidable 
technical difSculties or through disregard of hygienic measures. 

The several sets of data, beg innin g with normal individuals from whom 
samples were obtained under the most favorable conditions of the labora- 
tory, and e.xtending through those from Plant D, are quite regular with 
respect to the frequencies under the different rubrics. All of the results 
are credible in the statistical sense, and the range of variability is not e.x- 
cessive. The range increases, however, with increase in the general level 
of the lead exposure. There is a distinct gap between the results on Plant 
D and those on Plant E. Despite this gap, the upper level of safety is sec 
defimtely at Plant D, for the reason that while no actual cases of lead 
poisoning have occurred in Plant D in more than 12 years, suggestive 
cl in ical evidences of incipient lead intoxication have been seen from time 
to time in men whose e.xposure has been increased for short periods by 
reason of changes or difficulties in plant operations. The workmen in 
Plant C showed no evidences of lead absorption other than the elevation 
of the lead content of their excreta (and also of their blood, which had a 
mean level of 0.05 mg./gm.). Those in Plant B showed only a slight ele- 
vation of the urinar)' lead concentration. There was no statisticidly sig- 
nificant increase in their blood lead concentration over that of persons 
tvith no occupational lead exposure. No staristically valid increase could 
be* detected in the numbers of stippled erjthrocytes over normal levels 
among the men in Plants, A, B, and C, but a well defined increase could 
be demonstrated in the men in Plant D. (The relative insensitivitj’ of 
analjTical and microscopic changes in the blood in detecting lead exposure 
can be recognized from the two foregoing statements.) 

There is reason to believe that the critical level of safe lead 
exposure set on the basis of urinar}^ lead e.xcretion does not 
coincide exactly vdth that expressed in terms of air analyses, 
and that it is somewhat on the safe side. Examination of the 
recent data of Dreessen and co-workers of the U. S. Public 
Health Sertnce® would seem to indicate that exposure to 
atmospheres containing less than 1.5 mg. Pb per 10 cu. m. 
may yield urinary values that average higher than O.IO mg. 
per liter. Their data, while perhaps not comparable to those 
given above on a strictly quantitative basis, are, nevertheless, 
m general agreement with what has been said on the subject 
of the urinary lead excretions in relation to lead e.xposure, m 
the foregoing discussion. Time and further work vuU be re- 
quired to Avork our an exact correlation benveen the nvo 
standards. 
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THE TOXIC PROPERTIES OF SELECTED LESS 
FAMILIAR METALS 

CAREY P. McCOBD, M.D.* 

2nd 

JOHN J. PBENDERGAST, M.D.* 

For metals there are at least as many defimrions as there 
are scientific groups concerned trith them, as the metallur- 
aist. the aeolosist, the chemist and the ph^'sicist. The trorkers 
in anv one of these groups, while adhering to special metal 
characteristics related to their special fields, recognize the 
validity of other definidons elsewhere applied. T^Tiile the 
electrophysicist may stress electrical conductivit>* in rela- 
tion to metals, he will concede that the chief concern of 
the chemist in his acceptance of minerals as metals may cen- 
ter about the n^pe of compounds produced or their capacin* 
to liberate hy^ogen from water. This communin' of over- 
lapping interests necessarily leads, in addition to multiple 
definitions, to multiple classifications, some of which are 
archaic. Thus metals may be grouped as noble, useful, 
precious, heavy, light, lesser, alkaline earth, and so on. Some 
minerals widely accepted as metals are placed by cheimsts 
in the categorv' of metalloids because of Aeir ability to pro- 
duce both acid and alkali compounds. Here falL among 
others, tin. antimony, zinc and manganese. The interests ol 
the toxicologist are intertwined with no one of the spedal 
worker groups just mentioned, but with all. Thus fealt\- to 
no one highly technical defimiion is required. Instead, the 
lasman’s definition of metals as substances commonly hav- 
mg brightnes, ducrilin*, malleability and fusibiliti' mav be 
invoked. 

ALLOYS 

^ncisely writing, there is no such thing as a pure metal 
unless some of the products of the cyclot ron may be so 

' Depsmnenc, Oiryslef Cbipoisdon, Detroit, JVEchi^ 
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classed. Thus, theoretically all metals are alloys. Alore prac- 
tically, alloys may be regarded as intentional mixtures of a 
base metal ■ndth other metals called additives. Natural or 
fortmtous metal mixtures with some predominant base are 
umversal. I^Tiile elemental metals, as noted above, are com- 
paratively few, the number of alloys is legion. Already more 
than 8200 have been described. A typical alloy, here named 
purely as an e.xample, may be found in stainless steel of 
recent fame. ^^Tile there are many stainless steek, a repre- 
sentative one, on a qualitanve basis only, contains iron as 
the base metal, chromiiun as the essential additive, \mth some 
or aU of the foUoving: carbon, nickeL silicon, aluminum, 
tungsten, titanium and molybdenum. The numerous possible 
combinations within this group are apparent. 

For toxicologists and physicians in general, these alloys 
through sheer numbers are of greater significance than the 
elemental metals. A kno'um toxic element such as lead is a 
frank, undisguised, medical enemy. Let this same lead be 
present in the alloy of a journal metal or leaded steel and 
you have a toxicologic saboteur. In the founding of zinc, 
Avithout any accidental overheating of the metal, the pros- 
pects of metal fume fever are actual but moderate. Contrari- 
wise when zinc is alloyed udth copper to produce brass, the 
high melting point of the copper in contrast to that of zinc 
greatly facilitates the volatilization of the latter and promotes 
the prospects of zinc fever. An array of further instances 
might be adduced linking alloys to toxicology as a prolific 
source of possible worker involvements under circumstances 
not always obvious. 

METAL COMPOUNDS 

Elemental metals, frequently associated with injurious 
properties, by no means are necessarily dangerous as such. 

If silicon be rated as a metal— and this paper is no staunch 
supporter of such contention— it may be staged as an e.vam- 
ple of an element for which no or scant hajxnful pmpernes 
are recognized.* However, its compound sifica (S 1 O 2 ) has 

•McCord, C. P. Frederick, W. G. and Stoiz, S.: The Tosicity of 
Silicon. J. Lab. and din. Med, 2?; 278 (Dec.) 1937. 
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furnished during the past decade the outstanding adventure 
in trade diseases. Entering into organic compounds, silicon 
mar find itself to be a part of methyl silicate, for example- 
a substance of knomi toxicit}' and standing apart as dissim- 
ilar to silica— yet silicon per se has yet to be culpated. 

Claims have been made that elemental zinc is nontoMC. 
^^^ule this may be true, yet it may be granted that zinc 
chloride as used in the mood preserving industrj’" may con- 
stitute a skin irritant; zinc sulfate as a precursor of lithopone 
may act as a corrosive agent and recently formed zinc oxide 
is die well knomi source of zinc chills. 

Aluminum as such, however dangerous as a combustible 
under some circumstances, is not toxic in pure form, but 
there are compounds of aluminum that may act on human 
beings injuriously. The term “aluminosis” largely is a name. 

In the complex and almost endless variety of compounds 
of metals numerous factors influence toxicity, setting some 
compounds of a metal apart as nontoxic while others from 
the same metal obviously are otherwise. In the case of chro- 
mium, a shining example, valence may be the determining 
factor. With a valence of 6, its compounds, chiefly the 
chromates, are well known harmful substances. I'iTien the 
valence is 3, toxicity is scarcely knoxvn or expectable. Qiro- 
mium’s valence of 2 leads only to compounds that are un- 
stable so that the toxicity of such is someuEat conjectural. 

The physical properties of metallic compounds at times in- 
fluence pracdcal situations. The mineral tripoli is crypto- 
crystalline sihca. Its content of free silica may exceed 99 per 
cent, but cases of silicosis from tripoli dust are rare in spite 
of possible dust)' exposures, due to the electrostatic proper- 
ties of this material which lead to agglomeration of small 
dust particles into larger masses with rapid dropping to floor 
level because of mass. 

Solubility of metallic compounds likewise may determine 
the extent of toxic properties. Barium sulfate, used freely in 
x-ray work, represents a compound of no danger, but some 
other barium sale are distinctly mjurious under fit circum- 
Mnees. hsolubility determines the safety of barium sulfate. 
\\ hen the dusts of lead compounds are inhaled, solubility 
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ultimately may play no important role, but it may be granted 
that such insoluble compounds' as lead silicate and lead tita- 
nate provide less possibility of lead poisoning than other lead 
compounds such as the carbonate or oxide. On the other hand, 
by the ingestion route, lead silicate may be regarded as al- 
most innocuous on comparison wdth the readily soluble lead 
acetate. It is the objective of this brief section to contend 
that there may be varied circumstances under which some 
metals or their compounds may not be regarded as poisonous 
or otherunse injurious. 

TOXIC METALS 

On a somewhat academic basis, it may be granted that any 
and all metals directly or through their compounds possess 
some injurious properties for those harboring them or in con- 
tact with them. It is a futile enterprise to claim, as has been 
done in some courtrooms, that because a metallic salt regu- 
larly may be found in body fluids, tissues or excreta this 
constitutes proof of the totd harmlessness of such a metal. 
Lead compounds regularly may be found in the urine, but 
this fact does not prowde any proof that more lead may not 
produce a direful affection. Traces of manganese may be 
essential in physiologic economy, but this dependency gives 
no whit of assurance that manganese poisoning may not be 
produced after suitable exposure to manganese dioxide. Iron 
is one of the least of poisons and yet from iron may be pro- 
duced compounds in which the iron ion itself may play some 
role in the disturbances produced. Some metals and/or their 
compounds are believed to possess extraordinarily toxic fea- 
tures and yet are of no great import because of h'ttle use- 
uranium has been tagged as the most toxic metal kno^vn to 
earth and yet the scantiness of its use has attracted little at- 
tention to it. In 1936 the total import of uranium in any form 
was only 170 tons. Its use apart from the laboratory extends 
to the ceramic, photographic, dye-malting and paint^oadng 
industries. The chief compound is sodium uranate. Yet the 
cumulative index volume of the Joumd of Industnal Hygiene 
and Toxicology lists not one item indicating actual poisomng 
from this most toxic of ail metals. 
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It is dantrerous to conceive of minor metals as substmces 
apart from'' useful metals. At the present time, there is no 
such thing as a useless metal, if it may be_ provided in com- 
merdal quantities. The highly rare alabamine, the last or e 
nineti'-nvo elements to be discovered, is a useless metal only 
became it is so rare as to exist not even as a laborator\- cun- 
osin*. Even so little knoivn a metal as cesium, one of tvi*o 
liqmd elemental metals, mercurj" being the obvious other, is 
so important that vrithout it there would this day be no ta^- 
ins motion pictures. Despite this disposition to do awav with 
the term “useful metals’’ it is woefully tragic that inadequate 
informanon has been furnished about many minor metals. 
A'STiere are the toxicologic publications about scandium, or 
palonimn, or masurium? They may exist, but they do not 
constitute a plethora. 

Betu-een the traditionally important industrial metals such 
as iron, copper, lead and zinc on the one hand, and the 
traditionally minor metals such as boron, indium, vanadium, 
and so on Aere are several, known but not well known to the 
medical profession, that surely have worn out, through their 
inihspensable services to industry, any claim that they are 
useless or minor metals. More than ever present-day martial 
requirements have brought into prominence a dozen or more 
metals long knonn to possess toxic properties, but never ac- 
corded a seat on the front row of practical dangerous work 
materials. Out of a much longer list, sis such metals have 
been chosen as items for detailed discussion, the details being 
liiruted chiefly by available material. In nearly ah instances 
these metals are utihzed as ahov-s or in the form of their com- 
pounds. The lesser metals, chosen somewhat at random, are: 
Chromiimi, .Magnedum, Cadmium, Manganese, Antimony 
and Barium. 

CHROMIUM 


The choice of chromium as a selected metal in this series 
of currendy outstanding metal alloys and metalHc derivatives 
^ based almost entirely on the desire to emphasize the little 
knoiTO fatt that neither metallic chromium nor the tmeater 
number of ic derivarives constitute dangerous work materials 
Instead toxiatv- is associated only with a smaU group of 
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derivatives, chiefly chromic acid, certain chromates and 
dichromates, ordinarily bearing a valence of 6. 

Sources and Uses 

At least by 1938 governmental military agencies had 
marked chromium as one of four mineral commodities indis- 
pensable to national defense and calling for placement in the 
first class of priority restrictions. This necessity is first of all 
related to the use of chromium in the preparation of stainless 
steel, which operation accounts for 75 per cent of domestic 
consumption. Chromite or ferrous chromite (Fe(Cr02)), 
the dominant ore form of chromium is found in Turkey, 
several portions of Africa, including Rhodesia, and also Cuba, 
Russia, England, New Caledonia, with minor production in 
this countrj'- in California, Penns>dvania, and New Jersey. The 
military significance of this metal is reflected in the fact that 
continuous German threats against Turkey are believed to 
have rested more upon the rital need for the chromium of 
that country than any other economic aspect. Although mili- 
tary necessity has led to frantic efforts to increase the pro- 
duction of cluromite ever>nvhere, the results of such measures 
are not fuUy disclosed. The yearly worldwide production 
will soon be near 1,000,000 long tons of chromite, and Africa 
probably vnll continue to provide some 50 per cent of the 
world’s production. The extent of domestic chromite produc- 
tion is reflected in the fact that in the “Minerals Yearbook 
for 1939” mention is made of 810 long tons from domestic 
sources against 352,085 long tons imported. Chromium apart 
from the steel industry utilization has many applications such 
as in electroplating, pigment manufacture, tanning, rust- 
proofing of metal and in refractories. A long of highly 
varied industrial acririties requires small quantities of chro- 
mium, including applications in lithography, blueprint pro- 
duction, oil bleaching, artificial flowers, explosives, wallpaper, 
linoleum, and matches. 


Properties 

This hard, steel-gray, lustrous substance has an atomic 
.veight of 52.01, valences of 2, 3 and 6, although metalhc 
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chromium is not in a valence state; a specific 
melting point of 1615° C and a boi^g point of 2200 _ U 
It is soluble in some dilute mineral acids, not mcludmg nitnc 
acid, and is readily attacked by causnc alkalis and alkali 
bonate, vliich fact hampers its full usefulne^ after plating, 
such as on exposed automobile parts, hletalhc chronuum is 
prepared by reduction of its chief ore, above mentioned as 
chromite, the chromic oxide being produced by Ae hearing 
of chromite vith an alkali. Chromic acid chieflj’’ is prepared 
for commercial purposes through the creating of bariurn or 
lead chromates ■nnth a mineral acid. A long list of chromium 
compounds e.xists, such as chromium carbonate, chloride, 
nitrate, sulfate, and so on, and at the same time zinc, 
lead, potassium, and ammonium chromates or bichromates. 
This isrincrion becveen chromium compounds and the de- 
rivatives of chromic acid, together vith other discussions as 
to the classes of compounds formed from chromium are 
clearly presented by Akatsuka and FairhaU.^ 


Nature of Toricity 

Ac once a sharp distincrion should be made between the 
chroimc salts which are almost entirely harmless and the 
derivatives of chromic acid, which contrariwise are injurious. 
In essence this means that when the valence of chromium is 
5 in any of its derivatives, ggnificant toxic properties are not 
expectable. On the other hand, in its compounds in which 
the valence is 6. toxicit)' may be definite, although there is 
some lack of uniformity and severity. Metalhc chromium is 
nontoxic and unlike lead or zinc does not lend itself to the 
unintentional formation of harmful compounds. The fact that 
the toMcity of chromium derivatives so clearly varies is of 
great agnificance to the physician in medicolegal work. In 
anx situation predicated upon damage from chromium 
derivatives, the defense is afforded enormous advantage if it 
may be shoum that the alleged offending material is°of the 
tnvalent variety and therefore inert. Ordinarily this disclosure 
comes as a surprise to plaintiff attorneys and medical xritnesses 
alike Only r^ely is it laudable for any phj-sician to support 
an aUeged claim of injury- attributed to chromic sale. It 
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naturally follows that any industrial use of chromium deriva- 
tives if there be any choice should select chromic salts in con- 
trast to the derivatives of chromic acid. 

The action of harmful derivatives of chromium is essen- 
tially local, being confined to the skin, conjunctivae, nasal tis- 
sues, and the bronchial tree. Apparently the possibility exists 
that allergic states may be induced by chromium derivatives 
as described by Smith,' While broken sidn or previously 
damaged mucous membranes may greatly facilitate the action 
of chromium derivatives, it is by no means essential that the 
skin be broken in order that a chrome dermatitis may arise,' 
Even though a pronounced chromium bronchitis arise, pri- 
mary action probably always is on a local basis. Possible subse- 
quent pneumonia may constitute a complication. At various 
times the claim has been made that pulmonary carcinoma may 
follow the prolonged inhalation of chromium dust, vapors, or 
mists. If this be true, it is not yet sufficiently established to 
justify a cause and effect relationship. The three commoner 
varieties of localized chromium derivative action deserve dis- 
cussion. 

I. “Chrotne Hole," ‘^Chrotne Denuititis" "Chrome Ulcer- 
ation of the Skin.”— These lesions may arise at any point on 
the sldn, but ordinarily occur about the hands, notably the 
fingers, and the feet. In the absence of previously broken skin, 
any damage may constitute a diffuse dermatitis, painful in 
character and prolonged in duration. In case of broken skin, 
isolated ulcers are expectable. Such skin ulcers may follow 
skin contact with solutions, the settling of dusts or the un- 
knovm deposition of - a sizable particle of such materials as 
the chromic anhydride or some chromate. This latter becomes 
quite possible in connection Avith the anhydride, which has 
limited explosive properties and which fairly often detonates 
at the time of the careless opening of a container. Parades 
of the anhydride may be deposited on the clothing or sh'n, 
Avith menacing results. 

The character of the diffuse dermatitis is scarcely typical 
except for pain out of proportion to the apparent seventy. 

On the other hand, chrome ulcers are fairly characterise. 
These ulcers are usually round except when they occur im- 
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mediately at the nail borders, are indurated, n'hitish, under- 
mined, sometimes painless. The center represents an eschar 
and the ulcer is usuaUy larger than mdicated by its s^face 
area, that is, it is jug shaped with some disposition for the jug 
mouth to heal over. The action of the offending chroimum 
is persistent over a period of weeks, illy responding to efforts 
of hydrolysis and unyielding to the usual neutralizing agents 
of therapy. Any number of ulcers may exist, all being of dif- 
ferent sizes, at times of different stages, usually without any 
evidence of secondary infection. Although some ulcers may 
be edematous, leading to a heaped up appearance of the un- 
dermined ulcer, others may be free of edema with the surface 
depressed into the ulcer crater. 

2. Upper Respiratory Tract lnvolve7}2ent.—]\ist as the tra- 
ditional “chrome hole” of the skin may overshadow diffuse 
dermatitis, so the traditional nasal perforation may minimize 
the fact that the inflammation from chrome dust or mist may 
not be limited to the well known tnihierable spot on the sep- 
tum, but instead may be somew^hat general, may be localized 
elsew'here, or may resemble infectious rhinitis since, unlike 
the skin lesions, nasal inflammation from chromium deriva- 
tives may be accompanied by purulent processes. Actual 
perforation of the septum may be regarded as a common end- 
stage. The point of election is about % inch from the lower 
and anterior margin of the septum; the ulceration extends 
in a direction upward and backward. This point is precisely 
that where inhaled dust alights.® 

3. Bronchitis.— It would appear expectable that inhalation 
of toxic deri-vatives of chromium in the form of dusts or mists 
might be accompanied by inflammator>’- reactions in the low'er 
respiratory ttee. Theoretically it is improbable that all such 
effete materials might be arrested in the upper resprratorj* 
areas. Actually, sig^cant chemical bronchitis is rare and by 
some denied. Asthma has been described, but the bronchitis is 
more often regarded as existing on an infectious basis, sec- 
ondar>- to involvement of the upper tract. Any respirator}^ 
met mvolvement is commonly nondisabling and few claims 
for compensation even when large perforations have occurred 
a^e smee customarily compensation is paid not because of 
the existence of a disease but solely on account of disabihty 
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Prevenfion and Treatment 

Quasi-official standards related to the inhalation of chro- 
mium usuall 7 specify a maximum allowable concentration of 
chromium as chromate or dichromate dust or as chromic acid 
mist of 1 vig. of the chromic trioxide (CrOg) in 10 cubic 
meters of air. In the case of solutions, 1 per cent of some 
dichromates are knottm to produce dermatitis on unbroken 
skin. Since industrial requirements may not permit the use 
of weaker concentrations, it follows that work exposures to 
dilute solutions may require glove protection, goggles and 
similar articles. 

For the determination of chromium derivatives in the air, 
it is possible to collect suitable samples with the hnpinger 
apparattis, the fluid medium of which should contain sodium 
h}''droxide. Follovdng this step, quantitative determinations 
may be made through the addition of potassium iodide to a 
Jaiotra portion of the collected alkaline solution, followed by 
acidulation vdth hydrochloric acid and titration with 0.01 N 
sodium thiosulfate. 

Manifestly, harmless chromium derivatives should be sub- 
stituted for harmful ones where possible. Personal protective 
garments as earlier mentioned are often requisite. The appli- 
cation of emollients to the sldn and nares surfaces affords some 
protection. Suitable exhaust s>''stems provide the best type of 
control. 

By way of treatment it has been found that ordinary neu- 
trali^g medicaments are often useless. Hydrolysis is not 
brought about and the retained eschar may act as a foreign 
body. Reed and McCord found that applications of weak 
solutions (5 per cent) of such skin wetting materials as citric 
or tartaric acid or their combination were effective in arrest- 
ing the long continued action of chromium derivatives, after 
the removal of eschars. While these statements apply more 
especially to chrome holes of the skin, yet conceivably, sprays 
of the same material might prove advantageous in nasal in- 
volvements. 
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MAGNESIUM 

Magneanm is cliosen for the list of metals of newly in- 
creased importance not so much because of the peculiar sHn 
damage sometimes produced but as to make physicians further 
aware of the possibilities of fire bums in the magnesium 
mdnsm- and the likelihood of accidents or occupational dis- 
ex^es from a group of highly dangerous chemicals used in the 
finishing of metallic magnesium. 


Sources end Uses 

Magnesium along with aluminum constitutes the chief 
member of the light metals. Militar}' exigencies, particularlv 
related to aircrafc hare made magnesiom a truly precious 
metal although “precious'’ obviously is here used in an un- 
usual sense. Little warrant exists for any comment on the 
quantin' of magnesium now being produced or even its 
sources. Any published figures are outmoded. In 1938 the 
world output probably did not exceed 22,000 tons, but dur- 
ing that year there was developed the Dow method for the 
protection of magnesium alloy's against corrosion. Other 
forms of corrosion prevention necessitate the use of various 
toxic materials includmg hydrofluoric acid, sodium dichro- 
raate. and arsenous oxide. 'IIius whatever toxicin,' inherentlv 
r^des m magnesium and its compounds is complicated bv 
the anoUaiy use under some circumstances of much more 
aangerous substances. 

(magnesium^bonate (.MgCOs)) is found 
m Austna, Greece, France, Germany, Canada, Japan, Nor- 
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Prevenfion and Treatment 

Quasi-official standards related to the inhalation of chro- 
mium usually specify a maximum allowable concentration of 
chromium as chromate or dichromate dust or as chromic acid 
mist of 1 mg. of the chr otitic trioxide (CrOs) in 10 cubic 
meters of air. In the case of solutions, I per cent of some 
dichromates are knotra to produce dermatias on unbroken 
skin. Since industrial requirements may not permit the use 
of weaker concentrations, it follows that work exposures to 
dilute solutions may require glove protection, goggles and 
similar articles. 

For the determination of chromium derivatives in the air, 
it is possible to collect suitable samples vath the impinger 
apparatus, the fluid medium of winch should contain sodium 
hydroxide. FoUovdng this step, quantitative determinations 
may be made through the addition of potassium iodide to a 
Itnonm portion of the collected alkaitne solution, followed by 
addulation vdth hydrochloric acid and titration -ndth 0,01 N 
sodium thiosulfate. 

Manifestly, harmless chromium derivatives should be sub- 
stituted for harmful ones where possible. Personal protective 
garments as earlier mentioned are often requisite. The appli- 
cation of emoUients to the skin and nares surfaces affords some 
protection. Suitable exhaust sj'stems provide the best type of 
control. 

By way of treatment it has been found that ordinaiy neu- 
rr aliVin g- medicaments are often useless. Hydrolysis is not 
brought about and the retained eschar may act as a foreign 
body. Reed and McCord found that applications of weak 
solutions (5 per cent) of such sldn wetting materials as citric 
or tartaric acid or their combination were effective in arrest- 
ing the long continued action of chromium derivatives, after 
the removal of eschars. While these statements apply more 
especially to chrome holes of the skin, yet conceivably, sprays 
of the same material might prove advantageous in nasal in- 
volvements. 

Selected References 

I Akatsuka, K. and Fairhall, L. T.: The Toxicology of Chromium. J. 

Indus. Hyg., 16: 1 (Jan.) 1934. 
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■Tn the first, a risible panicle of metal is found. If die mju^ be not 
treated, there ensues, in nvo-three daj-s, a rapid and progressire inflamnn- 
tioa of the site and of the Irmphadc sr-stem. Vacuole formation occurs in 
the tissues as a result of hydrogen formadon consequent upon chemical 
reacdon between the metal and die fluids in the rissues. , . , 

•Tn the second tj-pe of injury, die causadre agent is metal dm rrhich 
ftnters a xround resulting probably from some other accidwt. Tne \roiind 
heals rapidlv, but a painful granulomatoiis infiltration, "vriuch may persist 
for months,' occurs. Subsequently, these suddenly develop acute symptoms 
of infiammction, as in die first tA*ps of injur}'. Vacuole formadon, however, 
does not occur. Instead, granulomatous cells and eoanop bil es, together, at 
times, with giant cells, are found” 

Since in aircraft metals, magnesium may be alloyed with 
others, it is not precisely established that these troublesome 
afiections represent solely a magnesium action. In fact the 
implication elsewhere in the same paper is that other metals 
may contribute. It is noteworthy that bacterial agar cultures 
AATre made in which dust or spicules of heavy metals were 
present, leading to a bacterioscaric action, but no such results 
occurred from amilar applications of particles of the light 
metals. However, it is to be recognized that magnesium is not 
a toxic metal in the sense that arsenic or mercurj* is toxic. 

Prevention and Treatment 

The real problem connected with metallic magnesium is to 
be found in the realm of safety and fire control. Numerous 
plosions and fires have led to highly specialized programs 
for work protection includmg special &e-e.xringoishing'pow- 
ders, snap-on garments, and so on. Metal fume fever from 
magnesium may both be prevented and treated through those 
well known measures associated with zinc chills. The chief 
new medical element is that of magnesium dermatitis which 
obnously can be prevented through personal protection It is 
noteworthy that spicules of asbestos, a complex magnesium 
silicate, are credited with producing more than expectable 
damage on penetrating the skin. 


Selected References 

9. Injniies Csused bv Lisht Metals. Lit>ht Metals, -i- a ... 
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way and in this country in California, Nevada and Washing- 
ton, among other places. Aluch magnesium has been procured 
through the elecprolysis of inland brines and at this time fac- 
tories are producing considerable amounts of rnagnesium from 
seawater. Alilitar)'- demands for metallic magnesium so cloud 
the normal and potential industrial uses of this metal and its 
compounds that nondefense applications are almost nonex- 
istent. F or the metal alone, there is a normal use in furniture 
manufacture, musical instruments, machine parts, optical mir- 
rors, flashlight bulbs, pyrotechnics, and others. The com- 
pounds of magnesium both organic and inorganic have wide 
application in the arts, in medicine, and in industry. A'ifliile 
magnesium sulfate or Epsom salts may by many be only asso- 
ciated with the toUet room, a great deal more in the aggregate 
may be applied in industry’s technologies, including the 
weighting of cotton and silk, in tanning, in bleaches, in paper 
manufacture, in fireproofing fabrics in die textile industry, in 
fertflizers, explosives and matches. The recendy attained high 
estate for metallic magnesium is reflected in the appearance 
some four years ago of a journal enrided “Light Adetals.” 

Properties 

Alagnesium has an atomic weight of 24.3, a valence of 2, 
and was first produced by Davey in 1808. Alagnesium is lus- 
trous, malleable, and hard. In the form of fine dust it is highly 
explosive and inflammable. In moist air it is discolored. The 
specific gravity of this h'ghtest of metals is 1.74. It melts at 
651° C, boils at 1110° C. and is soluble in dilute acids. 

Nature of Toxicity 

To the physician and the industrial hygienist, magnesium in 
the form of its silicate (asbestos) long has been associated 
with the pneumoconioses. Recendy produced magnesium 
oxide is a common source of metal fwne fever. Now it de- 
velops that spicules of metallic magnesium penetradng the skin 
lead to a severity and duration of injury well out of propo^ 
don to foreign body trauma. Out of 5000 examinarions of such 
injuries, occurring in Germany, two types have been e- 
sciibed:® 
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Properties 

The foUomng list of properties of cadmium are cited from 
a recently approved standard of the American Standards As- 
sociation (Nov. 2, 1941). , , - , - 

Cadmium is a ^very white metal with a slight bluish tinge 
and is much more ductile and malleable than zinc. It has an 
atomic weight of 112.41. a melting point of 320.9 C-, a bod- 
ing point of 767° C.. density 8.6 g. per cm. at 20 C., 
solubilit}' of cadmium (OH) in water at 25° C. 1.73 s 10^ 
g. anhydrons/lOO g. solntion. 


Nature of ToncHy 


Under industrial conditions, cadmium and some of its com- 
pounds are toxic when absorbed either through the lungs or 
rarely the gastro-intestinal tract. Entry by wouth leads to 
vomiting, s^vation, loss of appetite, loss of weight, iarrhea, 
nausea, vomiting, rapid pulse, discolored urine, nephritis, fatn* 
degeneration of the liver. The inhalation of cadmium fume 
may induce a lobar or bronchopneumonia, which may be as- 
sociated with edema and atelectasis. Under some conditions, 
inhalation may lead to some of die manifestations associated 
v-ith ingestion. In addition, cadmium may lead to metal fume 


fever. 

It may be noted at this time that the A.S.A. standard just 
created is 1 mg. of cadmium per 10 cubic meters of air. Bv 
comparison the quantities that may be ingested with food as 
cited below become enormous. Chronic poisoning in indusm* 
has been ascribed as manifest by digestive and nutrition^ 
disturbances and cachexia. AMiile ingested cadmium usually 
leads to explosive outbreahs. it is conceivable that low grade 
chronic poisoning might arise, 

Cadmhnn Food Pofrom'ng.-In this instance, it is desirable 
to include an abridged presentation of food poisoning bv 
cadnuum. Of several outbreaks, those described bv Trant and 
Kleeman'^^ are the source of much of the following: 

Five outbreaks are mentioned and four are deexibed, in 
which at least fift}' persons were involved. The chief s\vtb- 
fOTW described are nausea, vomiting, diarrhea, abdominal p2n 
o. discomfort, and general weakness. In die first instance. 
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12. Hir^ H. S. and Gnise, A. B.; Magnesimn and Its Alloys. National 

Fire Association Quarterly, 3S: 374 (April) 1941. 

13. Drinker, P., Thomson, R. M. and Finn, J. L.: Aletal Fnme Fever: HI. 

The Effects of Inhaling Magnesium Oxide Fume. J. Indus. Hve.. 
9: 187 (May) 1927. 

14. Drinker, K. R. and Drinker, P.: Aletal Fume Fever: V. Results of the 

Inhalation by Animals of Zinc and Alagnesium O.xide Fumes. J. 
Indus. Hyg., 10: 56 (Feb.) 1928. 

15. Alinerals Yearbook, 1939, p. 710. U. S. Dept, of the Interior, Bureau of 

Alines, \\''ashington, D. C. 

15j. AIcCord, C. P. and others: Chemical (?as (Sangrene from Aletalh’c 
Alagnesium. Indus. Aled., IJ: 71 (Feb.) 1942. 

156. Aleek, S. F. and others: Tlie Physiologic Action of Aletallic Mag- 
nesium. J. Indus. Hyg. (June) 1942. 


CADMIUM 

Since January, 1941, not less than 315 cases of food 
poisoning clearly hare been caused by cadmium in contrast 
to a total of tiventy cases earh'er reported in the literature. This 
situation is in part related to extended uses of cadmium for 
plating purposes incident to national emergencies. 


Sources and Uses 

In the United States, the ratio of cadmium production 
versus cadmium imports is on the order of six to one, thus 
indicating an extensive domestic supply. At least thirteen 
states can produce cadmium or cadmium compounds under 
emergency conditions. In 1939 the import duty on cadmium 
was cut in half, thus creating a situation unfavorable to do- 
mestic production during that year. The uses of cadmium 
are such as to cause vude fluctuation during some years, 1938 
being one of the worst years in cadmium histor}’^ in the 
United States in contrast to immediately preceding years. 
Total domestic consumption during any good year appro.xi- 
mates 5,000,000 pounds. The chief sources of import into this 
country are Canada and Mexico. This metal is obtained 
chiefly as a by-product from zinc ores, and in the puriflcarion 
of zinc the hazard of cadmium poisoning may be m^oduced. 
The chief uses of cadmium are in the production of oeanng 
metals, chiefly for gasoline engines, for pJa^g purposes, m 
the manufacture of paints, and m alloys other than bearing 

alloys. 
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MANGANESE 

This metal with its compounds is representative of a stra- 
tegic material in the United States, the supply of which is 
largely dependent upon import. A second reason for its ap- 
pearance in this categor}’ rekilts from the fact that manganese 
poisoning is one of a lifted number of occupational diseases 
that may lead to hopeless total disabilitj* from inrolrement of 
the central nervous s>*stem. 

Sources and Uses 

The domestic production of manganese ore until the emer- 
genc}' period approximated 25,000 tons per year against some 
500,000 tons from import sonrces. However, banks of stores 
have led to extensive accumulations. At least sixteen states are 
capable of producing some manganese. Manganese and its com- 
pounds find chief use in alloys, in dr\' storage batteries, in the 
glass indusm-, in pharmaceuricak, in dyes and paint manu- 
facture, but the number of classes of workers exposed is high, 
including more than forn* occupations, some of which mav 
seem remote, such as linoleum makers, potterj* workers and 
bleachers. ’ ’ 


Properties 

Manganese in is pure state is a soft, reddish-grav metal 
wTch M atomic weight of 54.93, a density- of 7.2 g. per cm.® at 

ivw L and a vapor pressure, extrapolated below freezino 
point, of 1 mm. Hg at 1227° C rreezmg 
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lemonade which had been chilled in ice cube trays of an 
electric refrigerator was the source. In the second outbreak, 
home made punch, similarly produced, was the cause. In the 
thmd,_ a raspberry gelatin chilled dessert; in the fourth the 
drinking of iced tea was responsible, cadmium being present 
in a metal pitcher in which the iced tea was cooled, there hav- 
ing been added lemon juice— an acid action seems to be essen- 
tial. In the first instance, 0.3 mg. of cadmium was present per 
gram of liquid; in the second 0.067 mg. per gram; in the thnd 
0.53 mg.; in the fourth 0.16 mg. Frozen ices on sticks have 
been found to contain 0.015 mg. per gram. In the iced tea 
episode, it would appear that a single 8-ounce glass would 
contain approximately 35 mg. of cadmium. While exact data 
are lacking, the inference is that vnrmte quantities of ingested 
cadmium may produce distressing manifestations. It is pos- 
sible that some of the numerous food poisonings attributed to 
salmonella or other orgsmsms or bacterial toxins may have in 
fact been caused by cadmium contaminated foods and ordi- 
narily from cadmium plated food utensils. Cadmium is litde 
soluble in water but appreciably soluble in weak acids such 
as from fruit juices. 

The determination of cadmium in food or vomitus is de- 
scribed by Jacobs.^" 

Prevention and Treatment 

Manifestly cadmium plating of any kitchen utensil is un- 
desirable. Cadmium foils for the wrapping of food have been 
contemplated but obviously would be undesirable in the 
presence of acids. Under camp or picnic conditions, where 
ofttimes metal washtubs or G. I. cans may be impressed for 
culinary purposes, the possibilities of cadmium poisoning 
should be recognized. In industry prevention largely centers 
about the adequate entrainment of cadmium dust and fume 
at the point of origin, always maintaining atmospheric con- 
ditions below the level of the standard above mentioned. 
Cadmium taken into the body may be retfined in hver 
and kidneys along with bony tissues. Excretion is through the 
kidneys and gastro-intestinai tract. There is no known spec c 
treatment, but indications for symptomaric therapy are ciear 
and the protection of the liver and kidneys is mdicated. 
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15. Pretionsly oted. 

BARIUM 

Selection of this metal for this present discussion is 
prompted by the safe application of its compounds under so 
many conditions that in turn may engender the belief Aat 
barium always is nontoxic. A barium compound is a prime 
component of lithopone which, as a white pigment, is a 
praiseworthv substitute for lead. This use of barium provides 
no exposure but other simations should create respect for 
toxic properties. 

Sources and Uses 

Crude Barite (BaSOa) is the raw material used in the 
preparation of most barium products. Some idea as to the 
extent of national use derives from the fact that about 340,- 
000 tons of crude barite are produced yearly. Afeouri, 
Georgia, California, Nevada, Tennessee, Texas and Arirginia 
are producing states, Missouri leading. Many other states 
make use of barite through direct application or in the manu- 
facture of barium products. Lithopone and blanc fxe are the 
chief industrial products from barium. Lithopone represents 
a combination of barium sulfate and zinc sulfide, which, how- 
ever, are derived from solutions of barium sulfide and zinc 
sulfate. Other uses of barite or barium compounds include 
well drilling, glass manufacture, rubber production, cosmetic 
products, heat treatment of metals, x-ray diagnoses, fireworks, 
tanning, photography. 

Properties 

The properties of metallic barium w^hich in themselves 
are^ little related to toxicity consist of an atomic weight of 
137.36, a specific grarity of 3.5, a melting point of 850° C 
and a boiling point of 1140° C As a metal it is yeUouTsh 
white, with low luster and is so readily oxidizable that it must 
be kept under cover of some hydrocarbon or other air ex- 
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Nature of Toxicity 

^ By oral intake manganese and its compounds are compara- 
tively nontoxic when ingested in small doses, for which 
reason this comment is limited to the inhalation portal. At this 
time no well accepted standard exists, but by common consent 
it is recogmzed that some 50 mg. of manganese daily inhaled 
represents the maximum tolerable limit. Greater amounts 
taken into the lungs may lead to a variety of signs and symp- 
toms. In industry, the disease is always chronic and an ex- 
posure of at least two months appears to be requisite. Among 
other sj'mptoms are characteristic gait, propulsion and retro- 
pulsion, tremors, maskHke facies, impulsive laughter, speech 
disturbances, exaggerated reflexes, pains in extremities and 
back, and micrographia. All considered, McNally has listed 
eighty-one signs or symptoms. Laboratory evidences are of 
limited value since urine is commonly negative for manganese 
although the blood normally may show such traces as 0.01 
mg. per hundred grams of blood. A moderate polycythe- 
mia may occur along xvith a lymphocytosis. Since manganese 
is a constant constituent of biologic tissue, microchemical de- 
terminations on a qualitative basis are of dubious value. The 
chief involvement may be in the pyramidal s)’^stem or in the 
striate body. Degeneration of the lenticular nucleus and 
nearby areas may occur. Manganese poisoning usually is pro- 
gressive leading to disabling paralyses wth permanent in- 
validism, but vdthout prospect of shortened life. Customarily 
death is due to intercurrent causes. 

Prevenfion and Treatment 

Numerous therapeutic measures both mechanical, thermal 
and chemical have been applied with futile results. At the 
present time, no treatment promises any hope of recovery. 
Prevention is readily procured in industry through the en- 
trainment of dusts by exhaust systems or through the wearing 
of personal protective devices. In the literature cited below 
details are furnished as to the methods of manganese deter- 
niination in the air. 
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asents such as arsenic or lead. Its manifestetions in part re- 
semble those of both arsenic and lead. This ver^r* fact of its 
uncertain status in industrial toxicit>* accounts for selection 
here. 


Sources and Uses 

Antimony was one of ten minerals classified as strategic in 
national defense long before the recognition of an emergency. 
This countrv’' is dependent in large measure on antimony’' im- 
ports. Until recently' China was the source of as much as 
70 per cent of this country’s antimony'. In recent years 85 
per cent of this metal has been obtained from Central and 
South America At no time has domestic production exceeded 
5000 tons, at least up to 1939. The yearly consumption under 
normal conditions averages about 10,000 tons per year. This 
substance finds extenfire use in ty'pe metal although there is 
some prospect that plastics may invade this field. Antimonial 
lead is well knosvn to battery manufacturers in the produc- 
tion of grids for parts. Some bearing metals contain antimony’’. 
In the manufacture of colors and paints various antimony 
compounds find application. Enamel ware represents another 
outlet for this chemical. Many lesser uses are known, such 
as in fireworks, rubber production, munitions, alloy's, phar- 
maceuticals, and so on. 


Properties 

The metal antimony' has an atomic weight of 121.76, a 
specific gravity' of 6.68, a melting point of 631° C., and a 
boiling point of 1380° C Antimony is rarely' more than 99 
per cent pure, as a metal is silver-white, lustrous, hard, brittle, 
or from crumbling may exist as a non-tamisbing lustrous 
powder. It little dissolves in cold acids or water, but may 
dissolve in hot concentrated hydrochloric add. It is best 
kno-wn to medicine as a constituent of tartar emetic. 


Nature ot Toxicity 

Like many other metals antimony per se may be non- 
toxic. Any reference to the general toxidty' of this metal 
mu^ be guardedly made, because of the undeniable confusion 
that has grown up around it. On the one hand, organk^X 
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eluding' substance. At least eighty inorganic and organic com- 
pounds of barium are knoTvn and the number that might be 
produced is much larger. 

Nature of Toxicity 

All water- or acid-soluble barium compounds are toxic. 
Most instances of serious poisoning by this metal have fol- 
lowed oral ingestion which means that industrial poisoning 
is rare. In industry, injurious results chiefly arise from derma- 
titis, loss of hair or graying of hair. Taken internally soluble 
barium compounds may lead to vomiting, diarrhea, severe 
abdominal pain, lowered temperature, impaired speech, diffi- 
cult stvallo'^ving. Two hundred milligrams constitute a toxic 
dose. The use of magnesium or sodium sulfate as an antidote 
may be effective. In some industries, gross quantities of 
barium compound dusts are prevalent. Ofttimes these com- 
pounds are insoluble and the claim repeatedly is made that 
no hazard is involved. Since inhaled dust remains in the lung, 
and eventually must be dissolved, justification for this atti- 
tude may not be warranted. It is believable that industrial 
barium poisoning now regarded as rare may be more com- 
mon than recorded. 

Prevention and Treatment 

Since systemic poisoning from barium compounds in in- 
dustry is practically unknown, no well devised method of 
treatment exists. The ready prospect of skin or mucous mem- 
brane irritation, or depilation, may necessitate the coating of 
exposed portions of the skin -with protective ointments or the 
wearing of protective garments. The entrainment of dusts at 
the point of origin affords protection. 

Selected References 

24. Occupation and Health. International Labour Office, Geneva, 1930, p. 

215. 

21. Previously cited. 

15. Previously cited. r . cr 

25. Schwartz, L. and Tulipan, L.; Occupanonal Diseases of the blan. nea 

and Febiger, Philadelphia, 1937, p. 134. 

ANTIMONY 

Industrial antimony scarcely possesses an entity ^ a tone 
agent since nearly always it is associated ’tvith other toxi 
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A\XA.'no>r medicine as a medical specialty originated during 
the period just before the war of 1914-1918, and developed 
during the war under the demands of rruhtary flyingd As a 
branch of industrial medicine it was of neghgible importance 
until the great increase in commercial and mihtary aviation 
brought it into prominence during recent times. The events 
of the last three years have enormously stimulated laboratory 
and clinical research and public interest in awation medicine. 
To meet the demands of expanding air forces for flight sur- 
geons, physicians and medical students are receiving accel- 
erated training in aviation medicine. In many ways the med- 
ical activities of the war effort are focussed on the field of 
aviation medicine. The majority of this work caimot be pub- 
lished currently in detail since its disclosure may yield ad- 
vantage to the enemy. Nevertheless it is possible to indicate 
the recent developments in some of the more important prob- 
lems of aviation medicine, especially in those fields which are 
of interest to the industrial physician. 

Uteratiire.—Tht. general principles of aviation medicine are 
well presented in recent publications of Armstrong,’^ Ruff 
and Strughold,- and the AVar Department.®^’ A number of 
noteworthy reviews dealing with special topics and current 
trends have appeared.^’ 

Among the most valuable recent publications in aviation 
medicine are tv,m handbooks for the guidance of fliers and 
those whose task it is to keep them physically fit. The earlier 
of these is the Medirinischer Leitfaden fur fiiegende Besat- 
zungen, by von Diringshofen,^ an English translation of 
which is now available.^®** 


• Passed Assistant Surgeon, Divisioa of Industrial Hvsiene Narinriol t., 
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monials are highly valuable therapeutically in the treatment 
of the trj’panosomiases. Conversely, tartar emetic is the well 
knotvn A'licky Fmn of dive repute. Antimony was concerned 
in the famous Mabrick poisoning case in England where an 
American Avoman Avas imprisoned for fifteen years on the 
allegation of poisoning her husband, a murder, if a murder, 
that AA'^as neA’^er fully solved. Regardless of much admitted con- 
fusion, experimental Atmrk AAuth knoAvn antimonial compounds 
has shovm that locally antimony produces a dermatitis of 
small pustular nature, resembling smallpox and not unlik e the 
so-called “arsenic pox.” Local action may be present about 
the mucous membranes of the nose, the mouth, throat, lips 
and these may be accompanied by salivation. In acute poison- 
ing, vomiting is a common feature, and droAA'siness, Aveakness 
and conAuilsions occur. If recovery takes place, a loss of hair 
may arise. The chronic form may be marked by insomnia, 
vertigo, headaches, muscular pains, mental irritabilit)’’, ab- 
dominal pain, gastro-enteritis, fatty degeneration of the liver, 
and neuritis. The Avork of Bradley and Fredrick-® reveals as 
a result of animal experimentation such neAV features as 
eosinoplulia, myocardial damage, nephritis, periportal fibrosis, 
AAuth some increase in organ pigmentation. 

Prevention and Treatment 

The treatment for antimony emergency foUoAving oral 
intake is the same as that for arsenic. Industrial prevention 
obviously foUoAvs those lines practical for the prevention of 
lead poisoning. The constant eosinophilia found in animals 
possibly may constitute a diagnostic feature in examinations 
of exposed industrial Avorkers. Antimony may be detected 
in the urine, skin and hair. The well known Marsh test prop- 
erly applied may distinguish betAA^een arsenic and antimony. 
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trends have appeared.^’ ■’ 

Among the most valuable recent publications in aviation 
medicine are two handbooks for the guidance of fliers and 
those whose task it is to keep them physically fit. The earlier 
of these is the Medizi n ischer Leitfaden fur fliegende Besat- 
ztmgen, by von Diringshofen,^ an English translation of 
Avhich is now available,^*^ 


• Passed Asastant Surgeon, Diviaon of Industrial H\-cTiene. T.," 

suture of Health, U. S. Public Health Service, 

1303 


1304 


BENJAJON F. JONES 


‘Tic to- Fly,” the handbook of Grow and Armstrong^^ is 
■mitten in popular style and dedicated primarily to the pres- 
entation of medical information -n^hich the flier should know 
to protect his life and health. 

Bibliographies of aviation medicine are also no-w avail- 
able^'*^- or projected.^® 

ANOXIA AND THE USE OF OXYGEN 
Critical Level for Oxygen Administration 

Armstrong^ in 1939 summarized the prevailing military 
regulation concerning the utilization of o.ty^gen in flight: 

“At the present time all high altitude military airplanes in this country 
are provided tvith gaseous oxygen equipment and milicaty personnel are re- 
quired to utilize oxygen at ^ times while participating in flight above 
15,000 feet; when remaining at an alritnde below 15,000 feet but in excess 
of 12,000 feet for periods of two hours or longer duration, and when par- 
ticipating in flights below 12,000 feet but at or in excess of 10,000 feet for 
periods of six hours or longer dnxarion.” 

Evidence has accumulated mean'vt^hile to indicate that this 
altitude-time schedule places the critical level for otygen 
administration too high. Accordingly there has been a grow- 
ing tendency to recommend the administrarion of oxygen at 
lower altitudes, even for flights of short duration. The experi- 
mental data are from experiments on the effects of exposure 
to moderately lowered tensions of ox>’'gen upon cardiac junc- 
tion, vision, and mental junctiotis. 

Largely because of the well-established individual variation 
in reaction to lowered oxj'^gen tension and the appredabJe 
handicap imposed by the use of o.xygen breathing equipment, 
no unanimity of opinion on the critical level for ox}''gen ad- 
ministration has been reached. Dill“ suggests that the level 
for beginning to breathe oxygen may be 7500 feet in the case 
of the civilian pilot, but as high as 15,000 feet for the military 
pilot. Behnke and ‘V'S^illmon’^^ recall the rime-intensity rela- 
tionship which must be considered in evaluating the tolerance 
to low oxj'gen pressure. According to them prolonged ex- 
posures at 9000 feet may produce anoxia. Monaco'* would 
bevin the use of oxygen at 6000 feet, while Strughold*® recom- 
mSids 13,000 feet (4000 meters) as the proper level. Grow 
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and Annstrong^® (p. 213) sound a ^-arning against neglect of 
use of ox>’gen: 

“One o£ the biner lessons learned in the present vrar in Europe has 
been that the airplane crests tvho fafl to use their oxj-gen at moderate 
altitudes, and above, become easj’ prey for enemy planes and evM bring 
about their otvn destruction by gross errors m judgment, mentd lapses, 
lack of alertness, and undue fatigue. Most of those who have had a con- 
sderable amount of e^erience in that conflict insist on talang o^gen, 
beainninH at 10,000 feet, especially when they feve a difScult mission to 
perfonn or are coin^ into combat, although it is not required b}' regula- 
uons until about'l5,0C)0 or 16,000 feet is reached. This practice would seem 
to be justified by Ae fact that tests have shown a 6 to 10 per cent lop 
of efficiency at 12,000 feet which in combat would be just about the margin 
between victor}’ and death.” 

Discussion of the altitude level for beginning oxygen ad- 
ministration has become academic where ascent to extremely 
high altitudes or night flight are concerned. Because of the 
hazard of aeroembolism in the former and the possible im- 
pairment of night vision in the latter case, the administration 
of oxygen from the start of ascent or before is indicated. 


The Hazard from Carbon Monoxide 
Another factor in favor of more extensive use of oxygen at 
lower altitudes is the protection thus afforded by efi&cient 
ox\'gen administration apparatus against exposure to carbon 
monoxide. Experiments of Douglas, Haldane, and Hal- 
dane^®--° demonstrated that the oxyhemoglobin left in the 
arterial blood when it is partially saturated with carbon 
monoxide has its dissociation curve altered in such a way that 
the hemoglobin binds the oxs'gen more firmly. The oxygen 
still present in oxj'hemoglobin is therefore less easily avail- 
able and the influence of carbon monoxide on oxv’^gen supply 
to the tissues is enhanced. Thus carbon monoxide produces 
two effects upon the blood, a Tedriction of circulating hemo- 
ghbin^ available for oxygen carriage and hindrance to the 
dissociation of oxyhemoglobin. 

Heim^^i*- has discussed this dual effect of carbon mon- 
OMde on the blood and presents some estimates of its magni- 
tude and influence upon altitude tolerance. Assununo- that 
the dual acnon is double that of the oxj-gen displacment 
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effect, he calculates that the net result of a concentration of 
0.005 per cent carbon monoxide would be equivalent to that 
of 0.01 per cent carbon monoxide, resulting in a maxhnum 
altitude tolerance of 7 000 feet, as compared with an assumed 
altitude tolerance of 14,000 feet without carbon monoxide. 

Obviously the handicap imposed by breathing oxygen in 
flight at lower altitudes must be weighed against the fact that 
concentrations of carbon monoxide without serious effects at 
sea level become dangerous at even moderate altitudes.'" 

Oxygen Poisoning 

^^'ith increased frequency and duration of oxj^gen breath- 
ing the toxicity of oxygen for acute and chronic exposure has 
created concern. Further data defining the time-intensity re- 
lationship of the toxic effect of oxj’^gen have been secured. 

Behnke et alr^ reported that conuiikions or syncope de- 
veloped in men after approximately forty minutes e.xposure to 
4 atmospheres. J. B. S. Haldane'^ finds that five minutes ex- 
posure at 7 atmospheres is about the limit of toleration. Evi- 
dence has accumulated to indicate that there is relatively 
slight danger of development of serious s>^mptoms of o.tygen 
poisoning from exposures of duration reasonably to be ex- 
pected in modem aerial operations, especially when ox}’’gen is 
administered chiefly at low atmospheric pressures. Experi- 
ments on animals have shovm apparently that the to.xic effects 
at low atmospheric pressure are also proportional to tension 
and time of exposure, the chief injuty’’ being inflammatoty 
changes in the lungs. No harmful effects appeared in sus- 
ceptible animals after long exposures to pure o.xj'gen at 425 
mm. Hg pressure or below (Armstrong) . 

To validate these results for human beings, crucial experi- 
ments with men have been made by Clamann and Becker- 
Freyseng^®”’ '®’’ in Germany and Behnke in this country. 
Qamann and Becker-Freyseng exposed themselves for sixty- 
five hours to an atmosphere of 90 per cent oxygen, 10 per 
cent nitrogen at normal pressure. No ill effects were suffered 
by either subject during the first twenty-four hours. On the 
second day both subjects developed nervous disturbances 
(paresthesias and paroxysmal tachycardia) and showed de- 
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creased vital capacity-. One subject developed voimtmg and 
“bronchitis” -nrth fever. Symptoms persisted m both subjects 
for more than a -u-eek after termination of the experiment 
This experiment was -subsequently repeated at a sunulated 
altimde of approximately 29,250 feet (9000 meters). In this 
experiment the two men were as well after three da} s as the} 
had been the first day. The only disturbance reported was 
flatulence, attributed to the mechanical effect of low pres^re. 
Behnke-’" reports that men remain in good physical condition 
following exposure to 99 per cent ox}-gen for eleven hours, 
five of which were spent at ground level and six at 37,000 
feet altitude equivalent. Behnke and dlmon’-* also report 
experiments in which 99 per cent ox}*gen has been breathed 
by man as long as eighteen hours without apparent harm. 
They note, however, that some pulmonary and nervous irri- 
tation was produced in certain experiments after six hours. 
In one case Behnke and IMllmon describe sudden appearance 
of signs of acute allerg}' including nausea, formation of 
wheals, dermographia. and dermatitis attributed to inhalation 
of ox}'gen. These sx'mptoms appeared in an individual who 
had previously breathed oxygen daily imder increased baro- 
metric pressure for a period of several weeks -without notice- 
able si'mptoms. Exacerbation of the dermatitis was produced 
after two weeks when ox}'gen was again administered. Strug- 
hold^® concludes from the experiments of Clamann and 
Becker-Freyseng that the respiration of pure ox}*gen for the 
length of time required in aviation can have no harmful ef- 
fects upon the health. 


There is apparently considerable variation amons indi- 
%-iduaIs in siisceptibUhy to the toxic effects of oxx'gem Fur- 
thermore the S}-mproms attributed to long exposure to oxysen 
of a vet}' serious nature. The frequency of respiratorv 
intections at certain seasons and the possibiliri' that these ma'v 
mcrease the susceptibility of the inditridual to the toxic effects 
ot prolonged oxx-gen breathing have received little attention 
m evaluatmg the dangers of ox}-gen poisonins. Because of the 
toregomg coraderanons it is safe to say th^t the conclusion 

subject ^ expenence and research with human 
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effect, he calculates that the net result of a concentration of 
0.005 per cent carbon monoxide would be equivalent to that 
of 0.01 per cent carbon monoxide, resulting in a maximum 
altitude tolerance of 7000 feet, as compared \vith an assumed 
altitude tolerance of 14,000 feet without carbon monoxide. 

Obviously the handicap imposed by breathing oxygen in 
flight at lower altitudes must be weighed against the fact that 
concentrations of carbon monoxide %vdthout serious effects at 
sea level become dangerous at even moderate altitudes." 

Oxygen Poisoning 

^Vith increased frequency and duration of oxy’^gen breath- 
ing the toxicity of oxygen for acute and chronic exposure has 
created concern. Further data defining the time-intensity re- 
lationship of the toxic effect of oxygen have been secured. 

Behnke et al.-^ reported that convulsions or syncope de- 
veloped in men after approximately forty minutes ex-posure to 
4 atmospheres. J. B. S. Haldane"^ finds that five minutes ex- 
posure at 7 atmospheres is about the limit of toleration. Evi- 
dence has accumulated to indicate that there is relatively 
shght danger of development of serious symptoms of oxj^gen 
poisoning from exposures of duration reasonably to be ex- 
pected in modem aerial operations, especially when ox^^gen is 
administered chiefly at low atmospheric pressures. Experi- 
ments on animals have shovm apparently that the toxic effects 
at low atmospheric pressure are also proportional to tension 
and time of exposure, the chief injury being inflammatoty 
changes in the lungs. No harmful effects appeared in sus- 
ceptible animals after long exposures to pure oxygen at 425 
mm. Hg pressure or below (Armstrong). 

To validate these results for human beings, crucial experi- 
ments with men have been made by Clamann and Becker- 
Freyseng^®®' in Germany and Behnke in this coimtry. 
Qamann and Becker-Freyseng exposed themselves for sixty- 
five hours to an atmosphere of 90 per cent oxygen, 10 per 
cent nitrogen at normal pressure. No iU effects were suffered 
by either subject during the first nventy-four hours. On the 
second day both subjects developed nervous disturbances 
(paresthesias and paroxy^smal tachycardia) and showed de- 
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the last war in the administration of oxj^gen from a liquid 

oM'sen suppl}'.^ ^ 

k spite of great improvements in appararas for oi^gen 

administration, the pipestem or some modification t ereo ^ 
extensively used up to the outbreak of the present m ar, an is 
still used by pilots in this country. This is largely to be ex- 
plained by the conservative tendencies of the fliers xrho w^re 
accustomed to the use of the pipestem and, in some c^es, had 
experience with no other method of oxs'gen administration. 
Three factors have operated recently to overcome these 
tendencies and to stimulate routine use of more rnodem and 
efficient apparatus for ox^'gen administration; (1) the stnn- 
gent necesatj* imposed liy increased training and combat 
ffights at veri* high altitude; (2) improved mstruction and 
training of thousands of young recruits to aidarioo in the use 
and necessity' of ox>'gen in flight; (3) and a campaign of edu- 
catiou and publicity on the dangers of altitude exposure with- 


out oxt'gen m aviation. 

Boothby and Lovelace-^ of the Mayo Clinic took a leading 
part in this campaign of education and in addition have de- 
veloped one of the most widely used apparatus of the con- 
tinuous flow n-pe available at the start of the war. In 1938 
they described this apparatus, which they had devised in 
con)uncrion nith Dr. A. H. Bulbulian {the B.L.B. oxygen 
inhalation apparatus), and recommended its use for adminis- 
tration of oxi'gen to fliers. Other t\pes of oxj'gen inhalation 
apparatus in which face masks are an essential part were avail- 
able,* designed for specific uses such as mine rescue work,^ 
emergency resuscitation, metabolic testing or therapeutic ad- 
ministration of o^'gen.^® It soon became apparent, however, 
that apparams satisfactory' for these purposes could not satisfy 
the more stmgent requirements of high altitude flight. 

_ The original model of the B.L.B. mask has xmdergone con- 
siderable modification,"^ intended to overcome difficulties 
ansmg during expose to intense cold and very low oxi'gen 
pressure at high altitude. The most important chano^e is the 

*= ffS 111” “s'" » 
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No Specific study has apparently been reponed of the 
effects of repeated intenmttent exposures to high oxj'gen 
concentrations at atmospheric or subatmospheric pressures 
such as may be required in daily flights to high altitude. On 
the other hand, evidence gained from experience now avail- 
able does not indicate that harmful chronic or accumulative 
effects are to be anticipated. 

"Paradox Effect" of Oxygen 

Ruff and Strughold" and Becker-Freyseng and Clamann^ 
call attention to the vtty interesting “paradox effect” of 
oxygen administration. If pure ox>’'gen is suddenly inhaled 
after exposure to lowered oxygen pressure severe enough to 
produce sjTnptoms of anoxia, a temporary aggravation of the 
condition may occur ttdth clonic convulsions, coma, or other 
signs of serious involvement of the central nervous sys- 
tem. Similar reactions have been observed in the author’s 
laboratory and by others during animal experiments, when 
animals have been rapidly returned to atmospheric pressure 
after exposure to low pressures causing anoxia. It is possible 
that these two phenomena are both due to the same cause, 
i.e., sjidden increase in oxygen tension foliowing anoxia. 
These phenomena have obvious pracrical importance in view 
of the possibility that they may occur at a critical time when 
the tal^g of oxygen at altitude has been too long delayed, or 
on sudden descent due to failure of oxj'gen supply. 

ADMINISTRATION OF OXYGEN 
Development of Oxygen Breathing Equipment 

During and immediately following the last war the neces- 
sity for the use of efficient oxy^gen administration apparatus 
by fliers was amply demonstrated. The dangers of the oral 
method were realized and recognized to be intensified by the 
necessity of flight at higher and higher altitudes. J. S. Hal- 
dane,-® a pioneer in this as in many fields of applied physiol- 
ogy, devised a mask for economical oxygen administrarion to 
fliers. This had obvious defects, but proved to be a model 
for future development. It should be noted that masks were 
used by the Army Air Girps during the decade follmvang 
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apparatos for all purposes. Poppeu discusses in some detail the 
characteristics of two t>-pes of oxj-gen supply appamt^. the 
performance of which has not previously been cnacall} ex- 
amined in published material. 


Lung Demand Apparahis 

The strinsent demands of high altitude combat flying have 
stitnulated Ae development of automatic tj'pes of breathing 
equipment which do not require the pilot to regulate the flow 
of osysen manually as he changes altitude. Economy is se- 
cured W a type of regulator which permits the flow of 
oxT'gen onlv during inspiration, interrupting the flow during 
eshflation and the intervening pause between inspirations. 
Concerning this veiv' important development in oxygen 
breathing equipment, Poppen sa\'S: 

‘Bscsuse of diis intermitteiic £osr, diis trps is rnore economucsl dinn 
sLa Sied Eo-sr vslve wpa btit k mate co proviaon for die percentage of 
orygen not sb^rbed bv die Inngs, more than S5 par cent orrgen being 
eshdad to the open air. 

“The Isng demand type interposes a ntnnber of sdpnladons which re- 
take very caiefol control and test criteria. They mnst fnncdon thiongh- 
ont £ trida range of barometric and temparatore Tariadon. They mnst 
provide cdequate pardri pressaie of oxygen np to the pbyaologiccl ceiling. 
Tney mnst be capable of famishing adequate rates of now even under 
eitrcme exerdoa and peaks of icspiratoiv demand. They depend on bodi 
taspnatoty and expiratory valves which must introduce a minimum re- 
sistance and mnn not freeze at very low temperature and moderate wind 
vdoaines. The lung demand type requires an absolutely leak-proof mask. 
I: there is an inspiratory leak there will be diludon bv ambient air. K 
mere are erpiratory leals, there is increased chance for frosthite and loss 
or economy through failure to dcKe the lung demand valve. Thev must 
oe provided with emerveaev bv-passes.*’ 

TTis Rebreather Appvarafus 

Poppen®^ also conaders the self-contained t\-pe of axystn 
breathmg equipment (the rebreather) for use in militarv* fly- 
ing: 


• - . There are two general types. In one the svrrem is enrirelv closed 
tor a ma^y operated exhaust valve. Eshaktion is tMuush a 

(“<5 incidentally eeniats 

a smau .uno-... o. oiynea) mto tne breaming bag. \s th» 

uw.^c:,_cy imcs np bv die opema^ of a Tslve 
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use of a mask covering both nose and mouth, the so-called 
OTonasal mask. Rate of flow in this device is not automatically 
regulated according to demand but by a manually operated 
flow regulator calibrated in thousands of feet altitude. Auto- 
matic regulators for continuous flow sj'stems have been avail- 
able since the last war. An automatic regulator of this type 
uuth superimposed manual control has recently been de- 
scribed.®- 

CrFferia for Oxygen Administrafion Apparatus 

A noteworthy advance in this field of aviation medicine 
has been the formulation of requirements for oxygen adminis- 
tration apparatus to be used in high altitude flight. This for- 
mulation is based upon accumulated practical experience in 
flight, physiological and physical tests in the laboratory, and 
theoretical considerations. Certain general principles have 
become clear and likewise the necessity for appraisal of each 
piece of apparatus in the light of the altitude exposure, 
special dudes, activitj'' level and other characteristics of its 
user. 

Armstrong^ in 1939 outlined criteria for an ideal method 
of oxygen administration in flight, noting at the same time 
that “up to the present no method of oxygen administration 
has even remotely approached this ideal and there appears to 
be little chance that such will ever be attained.” 

The Committee on Aviation Medicine of the National 
Research Council has also formulated an extensive set of 
desiderata and criteria for testing proposed oxygen breathing 
apparatus.®® 

Poppen® has emphasized additional specifications: comfort, 
lightness of weight, ox)’'gen economy, delivery of as close to 
100 per cent oxj^gen as possible, simplicity, ruggedness, and 
automatic function under all circumstances without frequent 
control or adjustment. In a later publication Poppen® de- 
scribes the various ty^jes of oxygen supply sj^stems used for 
miiitarj’ flying and presents a critical discussion of each tjqie. 

He emphasizes the need for selecting the tyye of apparan^ 
best suited to the particular needs of the flier and his task, 
since it has not been found desirable to settle on one type oi 
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The problem of os>^gen supply aod admiitoaon in 
aviation steers between the Sc3'lla of economj- of space an 
weight and the Chan-bdis of safetj^ We may anncipate aw* 
some assurance that engineering developments yiU eventuaUy 
relegate this problem to a subordinate posiaon. Adequate 
heating of airplanes, pressurizmg of endosed cabins^ or 
of pilot suits, new methods for providing a more plenuim 
supply of oxv'gen, nill solve mam' of the most urgeim of the 
problems of protection of fliers against oxygen deficiency. 
Meanwhile the war in the air rvill be fought by' airmen using 
oxygen apparatus and to a certain extent the outcome will be 
determined by the efficiency of that apparatus. 


Oxygen Supply Equipment in Current Use 
Poppen®^ describes the types of oxy'gen supply* equipment 
being nsed by the air services today-.- 

“. . . Trom informaaoa vrtuch reaches us through liaison channels, it 
tasy be said that, in eeneral, European combatants are nsiag models of the 
foliotrina tvpes of equipment: The R.AE. is using a type of free flow 
apparatus which can be adjusted for diSerent altitudes and does not re- 
require a leak-proof sealed mask. They axe making rapid progress in the 
derelopmeat and extension to service of more economical equipment, 
better fitting masks and means for providing oxygen. The Luftwaffe has 
profited by their years of peace-time preparation and has the best eqoip- 
mest in service use todar. They have concentrated on a l ung demand 
type which is characteristically well designed and built, is very efficient 
and foolproof, has been perfected by years of meticulous research and 
extreme service provins and could be profitably copied by anv air service. 
In our service we are well equipped with oxygen apparatus. The Xaw 
uses a lung demand type and the Xavy rchreather. The}' are quite satis- 
factory. Tbe Army Air Forces are using a rate of flow regulator which 
is meeting service needs,"’ 


A recent Canadian article^® outlines the experience of the 
R.C.A.F. with oxygen problems: 

“From many trials made at high alritndes it was found that the BEB. 
oxygen mask (^dard XJ. S. pattern) was not an efficient nnk for hieh 
^urude or service work. Similar trials made with the RAT. mask (Tvme 
W hkeuTse showed an operating deficiency at e.xtremelv high altimdS! 
^ cue to the small size of the economizer bag. 

‘^e -Meffical Directorate tested these masks, as well as German service 
in a low temperature room. It was found that the BLb' mask- 
J'T <i“ckly at low temperatures and that the RAT mask w-s 
snmlariy deficten-. Repons from England in this connerfon ^ 



1312 


benjamin F. JONES 


prKSUre supply system which may be tapped at a number of positions dis- 
tributed throughout the aircraft. This is by far the most economical of all 
oitj'gen breathing apparatus. . . . 

Another tjjie of rebreather provides for the elirmnation of nitrogen 
by constMt bleeding of a portion of the rebreathing volume. For this 
reason it is not so economical as the completely closed circuit tj-pe. The 
oxj'gen is forcibly circulated by an injector in the o.tj'gen supply line.” 

So far as the apparatus itself is concerned, operation must 
be efficient at the lowest temperature apt to be encountered 
in sendee, viz. about — 65° F., allowing some margin for 
safety. So far as the user is concerned the ultimate require- 
ment is that the arterial oxj^gen saturation®^ shall be main- 
tained at a figure above the critical value of 80 per cent satu- 
ration up to altitudes as high as 40,000 feet. Above this 
altitude, pressure must be applied by means of a closed cabin 
or a pressure suit to maintain the alveolar oxygen pressure 
within safe limits. Short flights may possibly be made above 
this altitude, but here, as in the case of lower altitudes with- 
out oxj’’gen, the time-intensity effect determines the limits of 
tolerance. Various authorities give various figures for the 
limiting altitude for flight vdthout added external barometric 
pressure while breathing 100 per cent oxygen in the range 
from 30,000 to 40,000 feet and above. The exact level is 
dependent on the altitude tolerance of the individual exposed, 
the length of exposure, and level of activity. 

Ltmifafions Imposed by Mask Usage 
The wearing of a mask imposes certain restrictions on res- 
piration which practically must be held vrithin certain 
quantitative limits, i.e., resistance to inhalation and exhalation, 
rate of supply of oxj’^gen, and automatic variability of rate 
of supply to conform to demand, espedaJIy in exercise. 
Maintenance of normal breathing (for the test altitude) 
and protection against leakage or accumulation of nitrogen 
or carbon dioxide are further requirements. The comfort 
of the user must be considered especially in respect to the 
provision of a warm and moistened supply of oxygen. Con- 
ditions of use, such as temperature and rate of air flotv and 
demand for economy of space and weight, determine im- 
portant items of the specifications for oxygen apparatus. 



RECENT PROGRESS IN A^TATION MEDICINE 


1315 


of aeroembolism and it is generally agreed that th^e are 
similar to the sj-mptoms experienced by M’orkers in high pres- 
sure. Bends are the most commonly obserred symptom, 
varying from mild to severe incapacitating^ pain in muscl^, 
bones or joints. As in the case of bends in caisson workers, the 
pain, usuallv dull and aching in character, develops gradually 
and frequendy is the only symptom noticed. Paresthestas^ of 
the sldn are also frequendy observed, including transient 
sensations of heat and cold. Itching and irritation of the skin 
occur, occasionally severe enough to produce dermatiris. Re- 
compression usualiy affords complete and prompt relief from 
pain and paresthesias. 

More serious simiptoms relating to the lungs and the central 
nervous sj'stem have occasionally been reported. A condition 
has been observed similar to diverf chokes and attributed 
to embolism from gas bubbles accumulated in the pulmonar)'^ 
vessels. Various degrees of dyspnea, substemal distress, and 
cough are associated with this s>Tnptom. In aviators as in 
divers or caisson workers, this sj-mptom is a serious one 
demanding immediate treatment. More rarely verj* serious 
s>'mptoms of involvement of the central nervous sj-stem have 
been noted. Armstrong reports cases in which convulsions 
and motor paralysis were observed at 37,500 and 35,000 feet, 
respectively. Relief of sjunpcoms was secured by recompres- 
sion. 


Divers and caisson workers "ntith compressed air 
especially when inadequately treated, develop numbness and 
weakness in the extremities. Vertigo (the “staggers”), nausea 
and vomiting and cyanosis may appear, followed by collapse 
and coma. Recoverv- foUouting recompression treatment or 


spontaiieously may take weeks during which anesthesia and 
paralysis, especially of the lower extremities, persist. In some 
cases p^alysis of varjting degree is permanent and the char- 
acteristic s\-ndrome of divers' palsy appears. The sjmptom- 
ntolog)- of divers’ pals>' is based upon permanent damage to 
the centml nervous ^'stem, presumably due to pressure from 
gas bubbles or localized anoxia, and varies according to the 

of “‘•Mor conttol and 
ooaraMensac scissors gait are ficqumUy observed. Ocher 
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findings and it was obvions that a modification of a service mask was 
urgent.” 

The systematic instruction and training of flying personnel 
in the theoretical and practical aspects of the use of apparatus 
for oxygen admimstration may be recorded as a recent ad- 
vance in aviation medicine. This program has a dual purpose 
—to select those men tvell adapted to flight at high altitude 
and to give practice and confidence in the use of oxj’gen ap- 
paratus. The success of this program depends to a large extent 
on standardization of oxygen equipment. The establishment 
of requirements for oxygen equipment and the training of 
large numbers of men in the use of this equipment constitute 
steps in the direction of improvement and standardization. 

AEROEMBOLISM IN AVIATION 

Definition 

“The foundations of our scientific knowledge of the 
physiological efi^ects of high and low atmospheric pressures 
were laid broad and firm by the investigations of Paul Bert" 
(Haldane'®). The possibility that decompression sickness or 
caisson disease due to air embolism could occur in decompres- 
sion from sea level pressure to low atmospheric pressures pre- 
vailing at high altitudes has been often suggested. Armstrong' 
appears to have been the first in this countrj’^ to explore this 
possibility sj'stematicaUy. He distinguishes between com- 
pressed air illness arising from decompression after exposiue 
to super-atmospheric pressures and the similar condition aris- 
ing from reduction of pressure to fractions of an atmosphere. 
The latter he calls aeroembolism. In the light of present 
information this distinction appears to have little value, bur 
the convenient term aeroembolism has been generally adopted 
to describe the syndrome of bends as it occurs in decompres- 
sion to subatmospheric pressures, especially in flight at high 
altitude. 

Symptoms of Aeroembolism 

Industrial physicians ■noil recognize here a new occupa- 
tional cause for an old industrial disease. Armstrong, 
Behnke,'® Streltsov®' and others have described the symptoms 
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thit fiftv-Sve mea. or almost 7 per cent ot SOO subjected to 
baromeilc presure of 197 nsm. and less (equiral^c to about 
5Z.50?-47.0iX) feet alnrude) complained of pams. 

Behake found that tn*enty-dght subjects out of sk^' divers 
and aviators withstood exposure for one hour at aldtud^^ of 
34.0iK) to 40.000 -feet v\ithout symptoms. The remaining 
tfairty-nvo. however, developed bends (and occaaonaily pui- 
monarv svmptoxns) "within the hour period. It should be 
noted.' however, that fjtigar of severe degree has been fre- 
quently reported following Sights to high altitude, as ^^‘eIl as 
exposure to amulated alntudes. 


FacTttTs Detenriing Occurrence of Aeroembolism 

The factors which determine the occurrence of aeroembol- 
ism relate on the one hand to the environment and on the 


other hand to the ph}""acal characteristics and ph}""siological 
status of the exposed individual. The rate of ascent (pressure 
decrease), the altitude attained, the duration of exposure 
(and possibly the temperature) define the critical conditions 
of the emironmenc for causation of the manifest samiptoms 
of aeroembolism. Biological factors relating to the indimdual 
are not so well established. Obean' (with body weight and 
build as indices*) appears to be most important. Age, recent 
previous exposure, drculatotv* and respirator}* effidenc}*. 
prior treatment for removal of nitrogen, and certain otlrer 
imponderable factors contribute to definirion of indindual 
susceptibilit}'. 


On the basis of Ids own low pressure chamber experiments 
Amsttong concluded that die possibUit}* of the development 
of serious s}-mptoms from aeroembolism was slight in ascents 
to altitudes below 30,000 feet. He indicated, nevertheless, di.at 
an extremely slow race of ascent above IS, 000 feet w.as re- 
quired in order to preclude the possibilin* of development of 
bends in ascents to alrirudes above 30,000 feet. 

Influence of Aluutde and ri;;;e.-S}-stematic obsenurions 
on dvers and ayiatora=® have served to outline the critical 
conditions of altitude and rime of exposure required to pro- 

BehnVe, Fecn snd Welham propose specific tuavire of rlip j 
trnnmed by hydrostaric ^dgWug « an md« of S-.r-f 
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sensory and motor disturbances are seen, indicating extensive 
damage to sensory and motor conducting tracts or neurones 
in the spinal cord or the brain. The first case of permanent 
paralysis or injury to the central nervous system from decom- 
pression to high altitudes or high altitude equivalent pressures 
apparently has yet to be reponed. 

The abnit)* of the pilot or experimenter to gain relief from 
early symptoms by descent to regions of higher atmospheric 
pressure and the fatal consequences to be expected from really 
serious symptoms occurring at high altitudes in flight may 
account for this apparent difference between aeroembolism 
and caisson disease. As the frequency and duration of high 
altitude flights increase, flight surgeons ■rtII pay increasing 
attention to the possibility of the occurrence of aeroembolism 
with complications involving the central nervous system. 

In addition to the foregoing trio of symptoms Behnke has 
described a fourth which may be designated as decompreshon 
fatigue. Fatigue of a severe, sometimes disabling nature has 
been observed to develop foUonung decompression from 
higher to lower pressures in divers and in subjects exposed to 
simulated high altitudes. Associated with the bends or pre- 
ceding development of pain, this fatigue is attributed to em- 
bolism and is prevented by adequate oxygen treatment before 
decompression. A delayed onset and cumulative effect of 
repeated exposures were noted. 

Incidence of Aeroembolism 

iMany experienced flight surgeons untii recently v'ere in- 
clined to consider the study of aeroembolism as much ado 
about nothing, since they had never encountered the coiidi- 
tion in their previous experience.®* They were also skeprical 
because of the considerable difficult)'- in differentiating some 
s)'mproms of aeroembolism from the familiar symptoms of 
anoxia and pilot fatigue. Statistics on the incidence of aero- 
embolism are scanty. Few clinical cases have been described, 
and none in detail. Fulton and Streltsov mention the occur- 
rence of aeroembolism as a result of exposure during actual 
flight, but available data appear to be based entirely upon rests 
atlow pressures in decompression chambers. Streltsov repoixs 
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Certainly it seems difficult to accept the explanation of 
Streltsov in idew of the siimlaritj’' of bends in aeroembohsm 
and in caisson workers where there is no reason for appear- 
ance of primar)' anoxia of the central nervous system. 


Treatment 

In the matter of treatment the aviator with aeroembohpn 
has a distinct advantage over the caisson worker or diver with 
bends. For the latter, return to the usual emuronment at 
normal atmospheric pressure may induce sj'^mptoms, while 
for the aviator this constitutes more or less effective treat- 
ment. In all cases of mild aeroembolism reported hitheno it 
appears that recompression induced by descent to an altitude 
below the critical range produces complete relief of all s>Tnp- 
toms except fatigue. In some cases of severe aeroembolism 
recover)’- has been considerably delayed after return to atmos- 
pheric pressure. Attempts to relieve these residual symptoms, 
especially the severe fatigue, by the obmous expedient of 
compression to slightly higher than atmospheric pressures 
have not been reported. 

0.vj’ge;; inhalation with exercise has been used as a preven- 
tive measure, but not, apparently, in treatment. Severe cases 
may be expected to require compression combined with ox}’’- 
gen nreamient. R. R. Jones et have demonstrated the 
efficacy of ox)''gen treatment prior to decompression in the 
prevention of “bends” in caisson workers. A total of 38S4 


decompressions with ox)-gen were performed under careful 
supemsion without a single case of caisson disease. Less care- 
fully supenised decompressions with oxygen, numbering 11,- 
196 prevented the development of severe caisson disease and 
held the incidence of cases of moderate or mild bends to 
a low’ figure. 


Freoxygenation as a Preventive Measure.—Pievendve meas- 
ures have proved most effective in the attempts to solve the 
problem of aeroembolism. Denitrogentcdon by inhalation of 
pure oxygen prior to ascent has proved to be the most effec- 
tive method. There are numerous testimonials in the literature 
to the gene^ efficacy of this procedure, especially y-fien 
combined with exercise, in preventing or dela)*ing the onset 
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duce symptoms of aeroembolism. At a standard ascent rate 
of 5000 feet per minute without previous oxygen inhalation 
tests were made at 20,000 feet for four hours ■without ill 
effects; at 20,000—25,000 feet without manifest sj'mptoms, 
but with fatigue on subsequent ascent to 35,000 feet. Mild 
bends were observed at 25,000-28,000 feet in a four-hour 
stay or on subsequent decompression to 35,000 feet. These 
dam do not support the defim'tion of 30,000 feet as the critical 
altitude level for aeroembolism, but indicate rather thS cus- 
tomar}’" time-intensity relationship, with the critical level for 
manifest symptoms for a four-hour sojourn in the range from 

25.000— 28,000 feet. Behnke regards the altitude range from 

20.000— 25,000 feet as an area of silent bubble formation in 
which a stay of four hours may be potentially provocative of 
symptoms, especially if ascent is continued to higher levels. 
The earliest symptom to appear under these borderline con- 
ditions is fatigue; bends of increasing severity are encoun- 
tered as the altitude-duration effect increases. 

Diagnosis 

The diagnosis of aeroembolism presents some difficulties 
not encountered in caisson disease because so many of the 
symptoms may occur as a result either of primary anoxia or 
anoxia secondary to air embolisni. Special methods of diag- 
nosis apparently have not been developed. The earliest 
occurring s>’'mptoms tj-pical of the bends are readily recog- 
nized, although each case may be to some extent complicated 
by fatigue or anoxia due to other causes. The origin of the 
pain typical of bends is uncertain. 

Streltsov®’’ suggests that it may be due to the influence of 
anoxemia in raising the susceptibility of sensory centers m 
the central nervous system to painful afferent impulses. 
Others have ascribed the pain of bends to pressure from gas 
bubbles present in the central nervous sj'^stem, nerve trunk, 
tendon sheaths and joint spaces. Behnke believes that the pain 
tj'pical of the bends is the result of ischemia of bony^ tissue 
produced by embolic occlusion of blood vessels in the bones. 

In support of this -view Behnke cites reports of the occurrence 
of characteristic lesions in bone tissues in caisson -^vorkers. 
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holism in those operations xt-here fliers are required to remain 
at Hgh altitnde for short periods of time and can schedule 
fiishts to allow the preoxygenation procedure. In many cases 
thn may not be feasible and it has become necessary to resort 
to other methods of control of aeroembolism. Use of a very 
slow rate of ascent is obviously impracticable, and ^ reallj 
amounts to continuous decompression with ox}’’gen. It is hard 
to see what advantage this could have over stage decompres- 
sion or sea level denitrogenarion. 

The methods which have been tried or suggested to supple- 
ment or substitute for preoxygenation include selection of 
filing personnel for specific resistance to aeroembolism, 
maintenance of general phj'sical fitness, control of diet, and 
special measures for protection from cold and other farigue- 
inducins stimuli. Decompression tests in low-pressure cham- 
bers have been recommended for the selection of all fliers 
required to ascend to altitudes above 30,000 feet. Behnke pro- 
poses a test of one hour at altitudes between 30,000-40,000 
feet without preoxj'genation before ascent for all would-be 
fighter pilots. 

Too litde is known as yet about variation in susceptibility 
to aeroembolism between individuals and in the same indi- 
vidual on different occasions to evaluate the usefulness of this 
procedure. Suscepdbiht)' to bends is apparently related not 
only to weight and size, but also to the general phj'sical con- 
dition of the individual. It would appear that final solution 
of the problem of aeroembolism has not been achieved. As in 
the case of the problem of acceleration and centrifugal force, 
effecrive control may be maintained by a judicious combina- 
tion of the preventive measures now available. 


Use of Helitm-Oxygett Mixtures.— Tvro additional pro- 
posed methods for control of aeroembolism deserve mention. 
Behnke and others have proposed the use of helium-oxv'sen 
mixtures to replace atmospheric air as the respired gas in Ae 
wmting rooms in which high altitude fliers remain on call 
pnor to ^ent. It is claimed that the five-hour period of 
ox% gen inhalation necessarj* to allow a stay at 37 000 feet fnr 
SK hours srithoM aeroembolisn, cm be shortened to ninetv 
ttnntner m the case o£ subjects thus denitrogenated 
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of aeroembolism during’ exposure to ■very low atmospheric 
pressures.®"' Denitrogenation schedules required for pre- 
vention of aeroembolism in given altitude at specified time 
exposures have lately been elaborated in systematic tests and 
published.^® Tables I and 2 summarize the results of these 


TABLE 1 

PnEUMDiAsy OxyGEK INeaiatiok at Sea Level Setose Fecal DEcoitpsEssioN* 
(Rate of Ascent = 5000 feet per minute) 


Duration of Oj 
I nhalation 

0 j 

4S' 

90' 1 

! 

18C' 1 

300' 

AUoTTed Exposure 
"rnthouc Aero- 
embolism (Alti- 
tude X Tune) 

20.000 X 240' 
to 

25.000 X 240' 

29.000 1 240' 

30.000 X 240' 

' 34.000 1 240' 

' 37,000 X 120' 

37,000 X seo' 
i to 

(40,000x120'^) 

1 


• From data of BehiiFe.3 


experiments. The subjects studied were chiefly divers, aged 
betv'een 29 and 42 years, wth an average age of 33 years. 

From these figures it appears that an approximately three- 
to four-hour period of oxygen inhalation in the range from 
sea level to 20,000 feet is required to permit a stay of nvo 

TABLE 2 

pEELEvrofAP-y OxycE.v Ia-halahox at Sea Level ave Alutude Betoee Fecal 

Decompression* 

(Rate of Ascent = 5000 feet per minute) 


Durations of Oa In- 
halation at^ Sea. 
I^vei and Altitude 
(Altitude X Time) 

Sea Le\’el x 0 

20.000 X 240' 

Sea Le>’el x 0 

25,000x240' 

Sea Le\'d x 
45' 

-f- 

30,000 X 240' 

Sea I^el i 
90' 

34,000 I 240 ' , 

Seal/CvelxO 

4* 

20,000 X 300' 

Allowed Exposure at 
Final Altitude 

Without Aert^ 

embolism (Alti- 
tude X Time) 

35,000 I 120' 

35,000x120' (?) 

33.000 I 320' 

33,000 I 120' 

i 37,000 I 240' 


• From data of BebnFe.ts 


hours at 35,000 to 37,000 feet. A full five-hour period of 
preoxygenation is indicated for operations at 37,000 feet 1^- 
ing four or more hours. The exact extent to which this 
schedule can be improved by the combination of exercise 
TWth osj'^gen inhalation apparently has not been determined. 
Preoxygenation may suffice to solve the problem of aeroem- 
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holism in those operations where fliers are required to remain 
at high altitude for short periods of time and can schedule 
flights to allow the preoxygenation procedure. In many cases 
this may not be feasible and it has become necessary to resort 
to other methods of control of aeroembolism. Use of a very 
slow rate of ascent is obviously impracticable, and ^ really 
amounts to continuous decompression with oxygen. It is hard 
to see what advantage this could have over stage decompres- 
sion or sea level denitrogenation. 

The methods which have been tried or suggested to supple- 
ment or substitute for preoxygenation include selection of 
flying personnel for specific resistance to aeroembolism, 
maintenance of general physical fitness, control of diet, and 
special measures for protection from cold and other fatigue- 
mducing stimuli. Decompression tests in low-pressure cham- 
bers have been recommended for the selection of all fliers 
required to ascend to altitudes above 30,000 feet. Behnhe pro- 
poses a test of one hour at altitudes between 30,000-40,000 
feet unthout preoxj’-genation before ascent for all would-be 
fighter pilots. 

Too little is known as yet about variation in susceptibility 
to aeroembolism between individuals and in the same indi- 
vidual on different occasions to evaluate the usefulness of this 


procedure. Susceptibility to bends is apparently related not 
only to weight and size, but also to the general physical con- 
dition of the individual. It would appear that final solution 
of the problem of aeroembolism has not been achieved. As in 
the case of the problem of acceleration and centrifugal force, 
effective control may be maintained by a judicious combina- 
tion of the preventive measures now available. 


Use of Helium-Oxygen Mixtures.— Two additional pro- 
posed methods for control of aeroembolism desen^e mention. 
Behnke and others have proposed the use of helium-oxygen 
mb^es to replace atmospheric air as the respired gas in the 
writing rooms in wUch high altitude fliers remain on call 
prior to ^cent. It is claimed that the five-hour period of 
ox)*pn inhalation necessar)’- to allow a stay at 37,000 feer fnr 
SLx hours without aeroemboUsm can be shortened to JjSy 
imnutes in the case of subjects thus denitrogenated and sat- 
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urated wath helium. Finally it may be repeated that present 
mdications point to the engineering method of compressing, 
i.e., supercharging the ambient atmo^here of the high alri- 
tude flier, as the ultimate solution of most of the major prob- 
lems of aviation medicine, including aeroembolism. 

FATIGUE AND SELECTION OF PERSONNEL FOR 
FLYING 

Factors Producing Pilot Fatigue 

McFarland'’ has recently reviewed at length the question 
of fatigue among pilots of aircraft. The point was emphasized 
that fatigue and exhaustion often observed in fliers is out of 
proportion to the physical exertion involved in their work 
and must be ascribed chiefly to psychologic factors such as 
emotional stress based upon a vide variety of causes. McFar- 
land discusses the role of noise, vibration, glare, lack of oxy- 
gen, and other factors including the regime of hfe and habits 
of pilots in the production of fatigue. Lack of exercise, poor 
selection of food, and excessive use of alcohol and tobacco 
are cited as causes tending to produce increased susceptibility 
to fatigue in phots. McFarland and Edwards^^ failed to find 
convincing objective evidence of fatigue or decreased phys- 
ical efficiency in seventeen fliers studied during trans-Pacific 
commercial air transport operations, although subjective feel- 
ings of fatigue were registered by the subjects. 

It is regrettable that our review of the recent literature has 
not revefled any sj'^stematic and detailed study of fatigue 
among fliers subjected to the strain of flight operations in 
combat or patrol duties. There has been some skepticism con- 
cerning the importance of pilot fatigue and its relation to the 
actual experience of flying. It is to be hoped that the circum- 
stances of combat and training in the war vtiU yield more 
specific information contributing to our understanding of 
pilot fatigue. 

Experimental Studies of Fatigue 

A comprehensive study of a type of fatigue which appears 
to be closely related to that experienced by fliers has been 
made by Jones, Flinn, Hammond, et al.'^ Some of the results 
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of this study are considered to have application to the problem 
of fatigue of fliers and, to some extent, to the problem of selec- 
tion of flying personnel. A survey of methods previously 
used or recommended for the study of fadgue was made. 
Certain familiar tests were adopted unchanged, others were 
used after modification, and some test methods not prettiously 
employed in the study of fatigue among large numbers of 



, Fadgne of truck drivers. Combined effects of age and hours 

(Reproduced^from PubUc 
Service of Interstate Truck 

subjecK were used. Certain of these tests were sufficiendv 
promi^ng to indicate their possible usefulness in the study of 
pilot fatipe, where the occupational stram Tmore btLse 

STv, A '.T A^nong thSe ie TS 

fipH T « movement, measured by means of a modi 

rtT„“”rs : s: 
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oxia ro retinal sensitivity, the iliclcer fusion test is of special 
interest in aviators, since it may serve as an index of visual 
fatigue at the retinal level. 

This study also demonstrated clearly the complex nature 
of fatigue, and showed again the futility of expecting to find 
a single reliable test for fatigue. The proposal was advanced 
that fatigue is a complex state of disturbed equilibrium which 
may be most profitably classified and studied in the same way 
as a climcal s}mdrome. The term “fatigue” is to be applied 
only on the basis of a combination of factors established by 
several selected tests and expressed as a composite and quanti- 
tative fatigue raring. The necessary starisrical method to sup- 
plement this technic has been provided in the coefficient of 
scoring which gives a numerical composite score by means 
of which the general status of individuals may be classified 
when a set of tests of different functions has been given. 

Age and Snsceptibility to Fatigue.— It was found that truck 
drivers as a group are relatively young men. Psychomotor 
tests were given to 632 men, of whom only 90 were 40 years 
old or older. Analysis of the results indicated an additive 
effect of age upon stress-inducing experience (hours of driv- 
ing in this case) in the production of fatigue. Figure 177 
shows die mean coefficients of scoring by hours of driving 
since major sleep for men under 30 years of age, 30-39 years 
of age, and 40 years of age or older. In the case of men who 
had not driven at all since a major sleep there was no appreci- 
able age trend, the mean coefficients of scoring being -)-0.01, 
-~0.03, and —0.01, respectively, for the age groups under 30, 
30-39, and 40 and over. In the case of men who had driven 
0. 1-9.9 hours, the mean coefficient of scoring was about the 
same for the men under 30 years of age (mean coefficient of 
scoring = —0.39) and men 30-39 years of age (mean co- 
efficient of scoring = —0.41), while the men 40 years old 
or older showed a lower average functional efficiency on 
these tests (mean coefficient of scoring = —0.78). The crit- 
ical ratio of the difference in the mean coefficient of scoring 
betn^een the men tmder 30 years of age and the men 40 years 


0.78-0.39 

old or older is 


2.44. In the case of men who had 


0.16 
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driven ten or more hours since major sleep, the age trendy is 
more marked, the mean coefficients of scoring being —0.54, 
-0.68, and —0.95, respecthrel}', for men under 30, 3^39, 
and 40 or more years of age. The critical ratio of the difier- 
ence between the tmder-jO-years-of-age group and the 40- 


or-more-years-of-age group is 


0.95-0.54 


2.56. which indi- 


cates a statisticaUy signihcant difierence. 

This correlatiou of age and farigabiiitt' indicates the ad- 
risabilit}' of asrigning younger men to those filing duties 
which are especially apt to cause great fatigue. 


Sslecfion of Flying Personnel 

Selecrion of Eying persoimel, always one of the most diffi- 
cult problems of aviation medicine, has today become one of 
the most pressing, because of the demands of rapidly expand- 
ing milicarj' and naval air forces. During the last war and 
immediately thereafter a great deal of effort was devoted to 
the investigarion of methods to detect aptimde for during. 
A muldmde of sensorimotor and ps^'chomotor tests were in- 
vented and tried. Much attention was paid to the classification 
of men by altitude reactions, i.e.. resistance to anoxia. Ph>*sio- 
logical tests for, physical fitness were devised and standard- 
ized. some of which are still in use todav. 


The general medical requirements and criteria de fining 
fimess to fly have gradually been improved. Assuminq an 
unlimited supply of candidates for fljring training, nonspe^c 
selection on die baas of general phN-acal fitness is no longer 
conadered a particularly serious problem. The diffictdu' 
centers on the one hand about the extent to which existing 
standards may safely be relaxed in order to provide the lartm 
number of candidates required for training, and on the other 
hand about the problem of eliminating from training at the 
^liest po^ble ^ge chose candidates who are doomed to 
tailure m their efforts to qi^y as pilots. In normal times 
acrardmg to Grow and Armstrong.-^ the percentage of 
failures amounts to approximatelv SQ per cent, and^' ■ 
obvious improvment of d* suo« would be evsxeme!? 
valuable m acceleratmg the pilot training program. * ' 
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Pilot Selection Tests 

Recent research on pilot selection has been a repetition, to 
some extent, of work done in the last: war,^^’ but wth 
greatly improved technical methods. Interest in behavior 
during exposure to oxygen deficiency has been renewed be- 
cause of the necessity for flight at altitudes where inhalation 
of pure oxygen will not entirely prevent anoxia. A deter- 
mined search is being made for methods which 'udll -predict 
flying ability and altitude stability of flying personnel. Al- 
most every techmcal method at hand has been investigated 
for this purpose under various conditions of simulated alritude 
or oxygen deflciency. 

The electroencephalogram has been recommended as an 
adjunct to the general physical examination to help eliminate 
candidates with epileptoid abnormalities and as a possible 
predictive method for revealing flying ability.^® Armstrong^ 
considers the Mashburn serial reaction time test as a promis- 
ing method of assessing potential aptitude for success in Sight 
training on the basis of the correlation between scores ob- 
tained with this method by students in the Army Air Corps 
Flying School and success in graduating from the School. 
Bigelow^® advocates the Rorschach method as a possible aid 
in evaluation of aptitude for successful flight training and 
points out the advantage which it offers of objectivity. 

Fostural tests for circulatory efficiency, especially the tilt- 
table test, have been investigated in relation to determination 
of fitness to fly. Graybiel and McFarland^^ suggest the use of 
this method for selection of fliers, particularly for duties in- 
volving tmusual circulatory stress, as in dive bombing. 

Lmdtations of Selection Tests.— The present situation may 
be summarized by the statement that intensive research for 
better methods to reveal physical defects and predict aptitude 
for flying is being conducted; and attempts are being made 
to provide objective and quantitative criteria of flight per- 
formance against which the results of tests may be evjaluated. 
The problem of selection presents many points of sinffiarity 
to the problem of fatigue. It is, hovv^ever, vastly more difficult 
because the methods employed are required to separate into 
eroups, according to special standards of physiological or 
psychological fitness, individuals already specially set apart 
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bv methods often only slightly less refined. FnrAemore 
there is no equally convenient qnanticative standard of ref- 
erence asainst Tvhich to test the data obtained corresponding 
to hours of work or hourly production rate usuafiy available 
in the study of fatigue. Perhaps greater progress in Ae prob- 
lem of pilot selection would be made if more attention were 
devoted to systematizing the reports of instructors in order 
to make the ratings assigned more useful for comparison with 
other data. The search for a single predictive test is likely 
to be as futile here as in the problem of fatigue. Data of 
selection tests may assume more significance when treated to 
give a compoate score along the lines of the coefficient of 
scoring to which reference has been made. 

Selective Tests for Specific Dzities.— In the absence of 
highly reliable methods of selecrion there has been a decided 
tendency to accept the tri^ by ordej] method for the early 
stages of training.-^ Subsequendy those candidates who have 
demonstrated the abilit}' to fly are subjected to more specific 
selecdve methods at diSerent levels of training. These tests 
are again trials by ordeal and consist in subjecting the candi- 
date as nearly as posable to the rigors and hazards of the 
actual conditions he will be required to withstand in his fly- 
mg job. High alrirade fliers are t^ed for resistance to cold 
and ox}'gen deficiency, and for suscepribilin* to bends; 
pilots of interceptor planes and dive bombers are tested for 
reactions to acceleration and centrifugal force; and pilots 
required to do night fl>'ing are tested for visual efficiency at 
low levels of iUumination. Selecrion has become a continuous 
process, operating as it does in industry, by rrial and error 
aided by more or less specific tests. In this process tests which 
are ot little use in selection for training mav prove useful in 
assigning pflots who have demonstrated abilit}* to learn to 
fly to specific duties, i.e., piloting of flying boats or lar^e 
planes, rather than fast interceptor or sconti^ planes. 


ConcJusion 

Progr^ in the problem of selection of fl>-ins personnel miU 
be watched with anennon by aU interested in the human 
factor m mdusm-. The difficulties of personnel selection aS 
placement on ever.- plane are epitomized bv this problem^f 
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aviarioa medicine. Current emphasis on the dramatic military 
aspects of aviation medicine has tended to obscure the fact 
that aviattoii ined'tcme is a branch of prevejitive visi'tcine of 
continuously increasing importance in public health. Specif- 
ically it belongs in the field of industrial viedicine^ m’th which 
it shares many problems, principles, and technical methods. 
Because of the intensity of occupational stress and the hazards 
to life and health involved in flying, in many cases these tech- 
nics have reached their highest degree of development and 
application in aviation medicine. It is regrettable that aviadon 
medicine in the United States has not been more closely 
identified in the past with industrial health activities. There 
can be no doubt, however, that the large amount of research 
and practical experience in aviation medicine arising from the 
present emergenc3’' will in future contribute substantially to 
advancement in the general field of industrial health. 


BfBtJOGRAPHY 


1. Annsarottg, Harry G.: Principles and Pracdce of Asdadon Medidne, 

tViUiams & V\Tlkins Co^ Balriinore, 19J9. 

2. Ruff, S. and Stmghold, H.; Qrundxiss der Luftfahrtmedizin. Johann 

Ambrosias Barth, Leipzig, 1939. 

5a. Phj'sioJogJcal Aspects of Flying and Maintenance of Ph}'sicaJ Fitness. 

Technical Manual 1-705. War Department, Washingroa, D. C, 1941. 
5b. Announcement of Army Extension Courses, 19-11-42. Part U. Exten- 
sion Course of the Sdiooi of AviatiDn Medicine. IVar Department, 
M^ashington, D. 1941. 

4. Medicine and Aviation. Brit. M. }., No. 4224: 879-S81, 1941. 

5. Poppen, J. R.: Recent Trends in Aviation Medicine. J. Aviation Med., 

12: SS-71, 1941. 

6. FnJton, J. F-; Recent Developments in Aviation Medicine. New Eng. 

J. Med., 22S: 263-26S, 1941. 

7. Campbell, P. A. and Hargreaves, J.: Aviation Deafness—Acnte and 

Chronic. Arch. Otolaiyng., 22: 417-428, 1940. 

8. Schmidt, C. F. and Comroe, J. H.: Respiration. Ann. Rev. Phyddi-, S: 

151 - 179 , mu __ 

9. McFarland, R. A,; Fatigue in Aircraft Pilots. New Eng. J. Med, 221. 

81 S-S 5 S, mu 

10. GenuniB, C. L.; Acclimation to High Altitudes: A Renew of^Fnys- 
iological Observations. U. S. Karal hledical Balledn, SS: 178-16/, 


1941. 

n. Van Uere,E. J.: Anoxia. Its Effect on the Body. Universitj' of Oucago 
Press, Chicago, 1942. , 

na. Diiinsshofen, Heinz von: Medianischer Lejtfaden fur S 

sat^ogen. Mit einem AnhangErsre Hilfe bei Flugunfffkn. 

Guide for Flj-ing Personnel. Wth an Appen^ T/'^-J^]9S9 
Aviation Accidents). Theodor Steini-opff, Dresden & Lespng, 


recent progress in aatation medicine 


1329 


■>b Dirinsshofen, Heinz ron: Medical Guide for Flying Personnel. Trans- 
hnon by Major V. E. Henderson. University of Toronto Press, 
Toronto, 1940. 

13. Grotv, M. C. and Armstrong, H. G.: Fit to Fly. D. Appleton-Centuty 
Co, Nenr York, 1941. 

I4a. U. S. M'orks Progress Administration Bibliography of Aeronanncs. 

Pt. n, MedicineT 1937, and Supplement to Pt. H, 1940. 

I4b. Bibliographie der Luftfaiimnedizin. Ingeborg Schmidt, Berl^ 1938. 
14 ^ Bibliograpbv of Aeronautics (?saDonal Advisory Committee for 
Aeronautics), IVashington, D. C, 1909-32. 

14d. Abstracts of Aviarion ftychology. Civil Aeronautics Administration, 
U. S. Department of Gommerce, IVashington, D. C, Sept. 29, 1941. 

15. Bibliographv of Aviation Medicine, Nation^ Research Council. Com- 

piTed by E. C. Hoff and J. F. Fulton.® To be published as a sup- 
plementarv* number of the J. of Aviarion Med. 

16. Dili, D. B.; (Discussion) J. Aviation Med, 12: 35-36, 1941. 

17. Behnke, A. R. and MuUmon, T. L.; Phj'siological Effects of High Alri- 

tude. U. S. Naval Medical Bulletin, 59: 163-178, 1941. 

IS. Srrughold, H.: Die phvaologische Mlrknng grosser Hohen. Luftwissen, 
7: 269-276, 1940. 

19. Douglas, C. G, Haldane, J. S. and Haldane, J. B. S.; J. Physiol, -44; 

275, 1912; Haldane, J. B. S.: 7Wcf, 45: Proc. XXII, 1912-13. 

20. Haldane, J. S.: Respiration. Yale University Press, New Haven, 1927. 
21a. Heim, J. W,; The Toricatv' of Carbon Klonoside at High Alritodes. 

J. Aviarion Med, 10: 211-215, 1959. 

21b. Heim, J. W.; Study to Determine die Absorption Rate of CO into 
the Blood at Fligh Alrimde. ESAIiR. No. Q-54-33. Air Corps, 
Materid Div, Oct. 28, 1937 (quoted by Armstrong-). 

22. Diiingshofen, H. von and Hartmann, H.: Loft. Med, 12; 121-123, 1935. 

23. Behnke, A. R, Johnson, F. S, Poppen, J. R. and Motley, E- P.-. The 

Effect of Oxygen on .Man at Pressures from 1 to 4 Atmospheres. 
Am. J. Pm-siof, 110: 565, 1935. 

24. Haldane, J. B. S.: Human life and Death at High Pressures. Nature, 

I4S: 458-460, 1941. 

25a. Oamaiin, H. G. and Becker-Frepcng, H.: Einwirkung des Saneistoffs 
auf den Org an i sm us bei hoherem als normalem Parrialdruck unter 
bcsondcrer Berhckrichrigung des Mcnschen. Luftf. .Med 4- l-io 
1939. ^ ^ ■ ’ 


25b. Becker-Freyscng, H. and aamann. H. G.: Zur Frage der Saueistoff- 
vergifnang. Klinis che TYochcnschrift, 18: 1382-1385, 1939. 

26. Behnke, A. R, Jr.; Investigations Concerned with Problems of High 
Altitude Flying and Deep Diving; Application of Certain Findmks 
Pertaining to Phv-sical Fimess to the General Military Service The 
Alilitarr Surgeon, 50: 9-28, 1942. 


. Present Sams of Aircraft Instmments. Report No. 371 National 
visory Committee for Aeronautics, AVashington, D C T 03 n 

.* alter M. anrl it? t> tt ** . 


Yiiuts xor AcroaatJUcs, WashinctoiL D C T0;n 

2S.Boo*l^-, IValter M. md Lovelace, IV." O 4 Yviatior 
J. Avianon .Med, 9: 172-19S, 1938 ' “ -"^vianor 

29. Grove, G M-.: ^-Contained Oxyg^ Breathing Apparatus A 

book for Miners. Tj. S. Denartm^nr n? ^ bland 

Mines, AVasHngroa, D. C, ^tenor, Bureau o 


1328 


BENJAMIN F. JONES 


aviation medicine. Current emphasis on the dramatic military 
aspects of aviation medicine has tended to obscure the fact 
that aviation medicine is a branch of preventive medicine of 
continuously increasing importance in public health. Specif- 
ically it belongs in the field of industrial medicine, vdth which 
it shares many problems, principles, and technical methods. 
Because of the intensity of occupational stress and the hazards 
to life and health involved in flying, in many cases these tech- 
nics have reached their highest degree of development and 
application in aviation medicine. It is regrettable that aviation 
medicine in the United States has not been more closely 
identified in the past with industrial health activities. There 
can be no doubt, however, that the large amount of research 
and practical experience in aviation medicine arising from the 
present emergency ivill in future contribute substantially to 
advancement in the general field of industrial health. 
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latum, Jan., 68 
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Conjunctivitis, May, 956 
Constipation in infants and chil- 
dren, May, 732 

nature and treatment. May, 787 
Contact dermatitis, Jan^ 13, 154 
Convulsions in children, March, 445 
Cook’s emulsion base, Jan^ 116 
Cooley’s anemia, Jar:^ 223 
Cornea, lesions, Afay, 954, 957 
Coronary insuffidency, Aiay, 907 
emergency aspects, Alarch, 319 
Cough in infants and children, 
Jan^ 241 

Croup, Alarch, 447 
spasmodic, Jan^ 248 

DAEiEa’s disease, vitamin A in, 
Jan^ 53 

Dark adaptation in vitamin A de- 
fidency, Alay, 968 
Decompression following exposure 
in compressed air, July, 1226 
Debridement of wound in com- 
pound fractures, Alarch, 483, 486 
Defidency diseases in industrial 
workers, July, 1072 
Dehydration in diabetic addosis, 
Alarch, 377 

postoperative, Alarch, 556 
with intestinal intoxicarion in 
children, Alarch, 454 
Dehydro cholesterol, activated, Jan^ 
60 

Dementia praecox, Alarch, 409 
Dermatitis, allergic, Jan^ 14, 153 
chrome, July, 1288 
contact, Jan^ 13, 154 
eczematous, Jan^ 13 
“emotional,” of fingers, Jan., 155 
hair-dye, Jan., 98 
industrial, Jan., 21 
nonsensitization, Jan., 13 
papillaris capUIitii, radium treat- 
ment, Jan., 135 
seborrhdc, Jan., 180 
sensitization, Jan., 13, 14 
supposedly ps}xhogenic, Jan., 101 
venenata, Jan., 13 
Dermatoses, toxic, Jan^ 139 
Desowcorticosterone in Addison’s 

disease, Alarch, 397, 398 


Desoxjxorticosterone in Addison’s 
disease, pellet implantation, Alarch, 
399 

Detergents in industry, July, 1203 
list of, with descriprion, July, 
1204 

Diabetic addosis, Alarch, 375 
Diarrhea, chronic, nature and treat- 
ment, Alay, 798 

in infants and children. May, 
727, 730 

Diathermy, short wave, in car- 
buncle, Jan., 96 

Diet, bland, low residue, for con- 
stiparion and diarrhea, dfaji', 
794 

fatigue and, July, 1067 
in liver dvsfunction, Afay, 844, 
849 

in peptic ulcer, Alay, 648, 661 
in spastic colon, Alay, 813 
worker’s, July, 1068, 1076, 1079, 
1154 

Dietitian in industrial plant, July, 
1079 

Digestive disorders of infants and 
children, Alay, 725 
Digilam'd, Alay, 934 
Digitalis, elycosides, use of. May, 
929 

therapy, recent advances, dfu, 
929 

Digitoxin, Afay, 938 
Digoxin, Afay, 937 
Difatarion of stomach, acute, March, 
364 

Diphtheria, e.xndate of, March, 448 
Divers, deep-sea, compressed air 
illness in, July, 1213 
Diverticulitis of colon, acute, 
Alarch, 372 

Diverticulum of esophagus, trac- 
tion, Afay, 889 

Dress shield dermatitis, Jan., 17 
Drip feeding, Alay, 649 
Drug eruptions, Jan., 141, 142 
sensitidt}', vitamin C in, Jan., 59 
Duodenal drainage in liver d>-sfnnc- 
tion, Alay, 844, 847, 899 
feeding in pepnc ulcer, Moy, 654 
ulcer. See Peptic ulcer. 
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Dj-sdiezis, 790 
Dyddnesia, biliaiy, AfaVj S56, S70 
Dyspepsia, fenn^tadve, intestiiizl, 
'May, ECO 


Ecthtnu, Jart, SS 
Eczema aai, Jct, ICO 
atopic, Jan, 102 
impeagenized, /an- 105 
nuchae. IQS 
varicose, with eczematids, /an^ 105 
Eczetaa-dermatitjs, treatment, in 
adnlts, /an, 97 ' 

Exzematoid ringworm, Jan, 107 
Eczemitons dermatitis, Jan, 13 
Edema, angioneurotic, Mjrcb, 437 
of glottis, Msrcb, 524 
pulmonary, acute, Mzrch, 422 
Electricity, injuries by, Mirct, 519 
Electrocardiography in cardiac 
anenrysn, Msy, 925 
Electiojvt®, loss of, at operarioa- 
.Cfarcfc, 357 

Embolism, cerebraL Msrcb, 328 
mesenteric, -March, 334 
pnlmonaiv, dfarcfc, 330, 415 
Emergencies, medical, sttmporiinn 
on, Mircb, 315 

Emotional dermatitis, Jan, 155 
upsets, and irritable colon, Jan_ 
229 

Endocarditis, vegetative and ulcera- | 
tire, clinical and pathological j 
conference at Cook County Hos- * 
pitaL Jan, 295 

Endocrine factors in pathogeneas 
of peptic ulcer, M-^r, 6S3 
therapy in psychoses, Mir-ck, 407 
Enemas and irritable colon, Jan, 
228 

Enteritis, segmental, .May, 775 
Enterogastrone in peptic ulcer, 
.May, 653 

Enzymes, pancreatic, .May, S99 
Epidermophytosis of feet, Jan, 151 
simulating industrial dermatitis, 
Jan, 26 

Epinephrine in bronchial asthma, 
.March, 429 

Epistaris in infants and ctuidxen, 
Jan, 243; .March, 453 


Epithelioma, basal cell, radium 
treatment, Jan, 135 
Ergotism, .March, 340 
Emetatio nervosa, May, 8S0 
Erysipelas, Jan, S9 
amitorin treatment, Jan, 90 
’sulfanilamide in, Jan, 91 
ultraviolet light in, Jan, 91 
Ervthema group of skin diseases, 
etiology, Jan, 139 
induratum, Jan, 79 
nodosum, Jan, 147 
Emhematous lupus, Jan, 29 
Eaythromeblgia, March, 340 
Esophageal hemorrhage, March, 332 
obstruction, acute, March, 371 
Esophagus, diverricuitim, tracrioa, 
.May'KP 

Exhaust venalanon in indnstty, 
July, 1169 

Eve diseases, viemin A and. May, 
955, 979 

foreign bodies in. May, 953 
traumatic lesions. May, 935 
Eyeball, conturions. May, 954 
Eyelids, iafecaoas; -May, 955 


F.WNTtSG in children, March, 449 
Fatigue among truck drivers, study 
of, July, 1125 , 
in indostiy, July, 1121, 1124 
definition, and causes, July, 1122 
individnal human factor, July, 
1135 

length of work week in war 
and, July, 1136 
nutridon and, July, I13S 
war productioa and, July, 1121 
selection of personnel for firing 
and, July, 1322 

nnnecessary, resistance to Lndus- 
trial chermcal poisoning and, 
July, 1157 

Feces, ersminadon, .May, 905 
Feet, rii^onn, Jan., 151 
Fever rir^py in yaw, 74 

Fluorescein, use, to determine ade- 
quacy of drculadon. May: 943 
Follidis, Jen, 79 

Fo^ di^es in gastro-intestinal 
allergy, May, 746 
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Foreign bodies in eye, May, 953 
Fractures, compound, treatment, 
March, 482 

emergency treatment, March, 469 
simple, treatment, March, 480 
Freezing, March, 517 
Fungous infections, superficial, 
Jan., 151 

Furuncle, Jan., 91, 92, 94 

Galactose tolerance test, May, 903 
Gallbladder dysfunction, May, 855 
inflammation, acute. May, 778 
Gallstones, formation, May, 870 
Gastric. See Stoinach. 

Gastritis, May, 711 
gastroscopy in. May, 702, 713 
Gastro-enterostomy for peptic ul- 
cer, May, 672 

Gastro-intestinal allerg}'-, March, 
436; May, 737 

diseases, anemia in relation to, , 
May, 897 

laborator}' aids. May, 895 
psychosomatic manifestations, 
May, 877 

s}Tnposium on. May, 645 
emergencies, March, 361 
irritants, poisoning by, March, 
464 

obstructions, laboratory aids. 
May, 904 

tuberculosis, March, 570, 596; 

May, 819 

Gastroscopy, May, 701, 702, 713 
Gelatin in peptic ulcer. May, 653 
Genito-urinary tuberculosis, March, 
570, 604 

Glottis, edema, Alarcb, 524 
Glycosides, digitalis. May, 929 
Gold salts in lupus er}'Aematosus, 
Jan., 43, 45 

Gonorrheal vaginitis, Jan., 203 
Gumma, Jan., 70 

G}'necologic office procedures, 
Jan., 195 

Hak-dye dermatitis, Jan., 98 
Hands, dermatitis, allergic, simu- 
lating ringu'orm, Jan., 153 
contact, Jan., 154 


Hands, ringtvorm, Jan., 151 
toxic eruption, with ringtvonn of 
feet, Jan., 151 

Hartman’s fortified lactate Ringer’s 
solution, March, 388 
Ha)’- fever, March, 434 
Health hazards in industr}', methods 
employed in appraisal and con- 
trol, July, 1161 

poor, in industr}', prevention, 
July, 1145 

programs, adult, value of, July, 
1047 

Heart, aneurysm. May, 919 
arrest, March, 316 
disease, coronar}’. May, 907 
emergencies, March, 315 
failure, congestive, March, 322 
in children, March, 450 
infarction. May, 908 
nontraumatic tamponade, March, 
318 

trauma, March, 317 
Heat e.xhaustion, March, 516 
stroke, March, 515 
Helium-ox}’gen mixtures in high 
pressure work, July, 1216, 1219, 
1228 

Hematemesis, March, 361 
Hemoconcentration in shock, 
March, 425 

Hemol}’tic anemias, congenital, 
Jan., 219 

Hemoptysis, March, 419 
Hemorrhage, acute, into peritoneal 
cavit}'. May, 782 
cerebri, March, 325 
esophageal, March, 332 
gastro-intestinal, March, 332, 
362 

in peptic ulcer, ^^ay, 658, 674 
intrapartum, March, 503 
obstetric emergencies associated 
with, March, 493 
postpartum, March, 504 
pulmonary, March, 418 
Hemorrhoids, office treatment, 

A fay, 831 

Heparin in pulmonaiy tlirombosis, 
March, 418 
Hepatitis, May, 842 
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Hernia as a compensarion problem. 
July, 103S 

Herpes simples, Jan, 1S3 
zoster, Jan, 1S5 

High altitudes, emei^ncies due to, 
MsTck, 523 

Hippuric acid test, 902 
Histamine injections in hives, 
Msrcl-. 43S, 459 
Hives. Jan, 145-, March. 437 
Hodgkin’s disease, clinical and 
pathological conference at 
Cook Counts Hospital, Jan, 

2S5 

cutaneous leaons, Jan, 4, 9 
Hormones in pathogenesis of peptic 
ulcer, -Ifav, 6S3 

Hydrotn-anic add poisoning, 
March. 525 

Hyperestheaa of stomach and 
bowels. -Ifay, SS5 

Ht-perkeratosis, follicular, vitamin 
A in, Jan, 52 
vitamin C in. Jan, 59 
Htperpj-resia in st-philis. Jan, 74 
Hj'poslvcemia, peptic ulcer and, 
'3fay,'691 

IciERUs, See Jazmdice. 

Deiris, terminal, dfay, 775 
Ileocecal tuberculosis, March, 596; 
dfay, S19 

Hens, paralstic, dfay, 781 
111 hedth in industra-, prevention, i 
July, U43 

Impetigo, Bockhart’s, Jan, 87 
bullosa, Jan., 86 
cirdnata, Jan, SJ, 86 
contagiosa, Jan, 84, 168 
treatment, Jan., 86 
Indigestion, intestinal, dlay, 805 
Indoor environmental atmosphere 
in indnstrt', July, 1179 
Industnal dermatitis, Jan., 21 
medical service, organization and 
management, July, 1005 
medicine, svmposium on, July, 
997 

psvehiaav, wartime survey, Jtdv, 
'l0S5 

skin deansers, July, 1195, 1205 


Indnstr}*, application of psychiatric 
prindples to, July, 1101 
beeween-meal feedings in, July, 
1075 

disabling sickness in, factors con- 
cerned. July, 1110 
fatimie in. war production and, 
July, 1121 

h^fh hazards in, methods em- 
ployed in appraisal and con- 
trol, July, 1161 

ill health due to exposure to 
harmful chemicals, prevention, 
July, 1145 

indoor environmental atmosphere 
and its control, July, 1179 
nutrition in, July, 1067 
physical esaminarions in, Julv, 
i012, 1019 

pneumoconioses in, July, 1239 
protective ointments, cleansers, 
July, 1195 

psj’chiatric bulk in, July, 109S 
role of physidan in, July, 999 
sickness among wotkets, measure- 
ment, July, '1105 

tuberculosis as compensation 
problem in, July, 1053 
work week, length in war, July, 
1136 

workmen's compensation, July, 
1035 

Infants, digestive disorders, dfjv 
725 ' ' ’ 

eme^endes of, March, 445 
respiratory tract diseases in, Jan, 
237 

sHn diseases in, Jan., 163 
Infarct, mesenteric, March, 373 
myocardial, March, 520 
Injection treatment of hemorrhoids 
May, 836 

Inoculation tuberculosis, Jan, 77, 
f s 

Insahn in diabetic addosis, March, 
iS5 

Insurance, compensation, July, I043 
siclmes, in indusn)', comparison 
of sickness rates, July, 1109 
Intestinal auto-intorication, Mav, 
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Intestinal fennentative dyspepsia, 
May, 800 

indigestion, May, 731, 805 
intoxication with dehydration in 
children, March, 454 
obstruction, March, 366; May, 
779 

spasm. May, 884 

tuberculosis, March, S96-, May, 
819 

Intracranial aneurysm, March, 329 
Intrapartum hemorrhage, March, 
503 

Intussusception, Afarcb, 367 
Involutional melancholia, March, 
409 

Irritable colon, Jan^ 227; May, 805 

Jaundice and liver dysfunction. 
May, 841 

hemolj’tic, congenital, ]an^ 220 
Jejunal feeding in hemorrhagic pep- 
tic ulcer. May, 664 
Joints, tuberculosis, March, 605 

Kata-thermomeier, July, 1182, 
1183 

Keloid, radium treatment, Jan^ 136 
Keratitis, May, 957 
Keratoconjunctivitis, phlyctenular, 
tuberculin in, March, 593 
Keratosis pilaris, vitamin A in, 
Jan., 52 

senile, radium treatment, Jan., 135 
Ketosis, March, 375 
Kidney, emergencies, March, 343 
tuberculosis, March, 603 
K-strophanthin, May, 940 


Lead absorption, occupational, July, 
1261 

exposure, dangerous, recognition 
of, July, 1266 
safe, July, 1275 
standards of measurement, 
July, 1276 

line on gums, July, 1265 
poisoning, occupational, July, 
1261, 1267 
Leukemia cutis, Jan., 3, 6 
Leukoplakia, radiotherapy, Jan., 135 
Leukorxhea, Jan., 202, 208 
Levulose tolerance test. May, 903 
Lichen scrofulosorum, /an, 79 
spinulosis, vitamin A in, Jan., 52 
urticatus, Jan., 163 
Lightning, injuries by, March, 522 
Lip, impetigo, /an, 85 
perleche, Jan., 172 
Lipiodol, subarachnoid injection, 
deleterious effects, Jan., 255 
Lithiasis following sulfonamides, 
anuria due to, March, 352 
recumbent, anuria due to, March, 
351 

Liver, carcinoma, primarj'. May, 
855 

diseases, laborator)’ aids. May, 

899 

dysfunction, common climcal 
varieties. May, 841 
extract in sltin diseases, Jan., 57 
functions, laboratory study. May, 

900 

Lobar pneumonia. See Fnewnonla. 
Lotio sulfurata, /an, 41 
Lunch room menus in industn', 
July, 1068, lOSO 

Lungs, congestion, acute, March, 

422 


Labor-ATORY aids in gastro-intesnnal 
disorders. May, 895 
Lanatoside, May, 935 
Laryngitis, acute, in infants and 
children, Jan., 245 
catarrhal, Jan., 248 
subglottic, March, 449 
tuberculous, March, 569, 599 
Laryngotracheobronchids, acute, 

/on, 246; March, 449 


edema, acute, March, 422 
hemorrhage from, March, 419 
Lupus erjThematosus, /an., 29 
nicotinic acid in, Jan., 56 
vulgaris, /an, 75 , . , 

Ljmriph glands, tuberculosis, Marcu, 
566, 607 

Lymphoblastoma cuds, /an, 1 
Lymphogranulomatosis cuds, Jan, 
4, 10, 11 
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AUgmasil in peptic nicer, Miy, 654 
Alawnesiniii, rose properties, Jtily, 
1291 ' 

Alsnsanese, toxic properties, July, 
1297 

Alanic-depressire psj'choas, March, 

•W3 

Aiedicsl service, indnstrial, organi- 
zation and managemenc, July, 
1005 

Melancholia, involutional, March, 
409 

Melena in infants and childreo, 
May, 755 

Meninses, tnbercnlosis, March, 386, 
60S " I 

Menopausal nicer svndroine. May, 
690 

Mental disorders in industrial 
workers, July, 10S5 
Alenns, cafeteria, in indostty, July, 
105S. lOSO 

Alercon' in impetigo contagiosa, 
Jan- 170 

Metj-dsm, May, SSI 
•Mesenteric infarct, March, 373 
thrombosis and embolism, March, 
334; May, 7S1 

Metal compounds, toric properties, 
July, 12S2 

Metals, less familiar, toric proper- 
ties, July, I2S1 

Metrazol shock therapy in psy- 
choses, March, 408 
Menleagracht diet in hemorrhasic 
peptic ulcer, May, 661 
Miliiv- tuberculosis, March, 568, 
'602, 627 

in infants, March, 582 
Moniliasis, Jar.^ 160, 167 
Moniliatin, /an, 151 
Mucin in peptic ulcer. May, 653 
Mucous colitis. May, SOS 
patches, /ct„ 6S 
Mycosis hmgoides, ]an~ 3, 7 
Mycoric vaginitis, Jan^ 203, 207, 209 
Myocardial infarction, March, 520 

KAtt polish dermatitis, /an, 16 
N'ails, ringworm, Jan^ 160 
Kasai allergt-, March, 434 


Nasal drops, administration to 
children, JaUy 239-241 
Nervous vomiting. May, 882 
svstem, central, depressants, poi- 
soning by, March, 466 
irritants, poisoning by, March, 
466 

Neurosis, gastro-intestinal, May, 
877 

Neurotic excoriations, Jan^ 119 
Nems vasculosns, radium treat- 
ment, Jan^ 134 

Nicotinic add in sldn diseases, Jau^ 

I 55 

Nikolsky sign, Jan, 35 
Nitrogen absorption under high 
pressures, effects, July, 1215 
bodies in blood. May, 904 
Nosebleed, Jan^ 243; March, 
453 

Nutrition, fatigue and, July, 1138 
ill health in industry and, July, 
1154 

in industry, July, 1057 
new yardstick for, July, 1077 
Nutritive enema in hemorrhagic 
peptic ulcer. May, 652 


OBSumuc cmergendes assodated 
with hemorrhage, March, 495 
Occupational dishes, July, 1239 
compensation for, July, 1036, 
1038 

control and prevention, pro- 
grams for, July, 1047 
health clinics, July, 1046 
Office procedures, evnecoloaic, 
fan, 195 ® 

Ointments, protective, in indnstry, 
July, 1195 

list of, giving comporirion, 
July, 1199 

vchides of, Jan, lOS 
Onychomycosis, /an, 160 
Ophthalmologv-, recent advances 
May, 955 

vitamin A in. May, 965 
Oslo cold diet in industry, results 
in England, July, 1070 
Ouabain, May, 940 
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Oxj'gen, administrarion, in aviation, 
July, 1304 

apparatus for, July, 1308 
high pressures, reactions asso- 
ciated w-ith, July, 1217 
poisoning in aviation, July, 1306 
therapy in asthma, March, 433 
value, in prevention of com- 
pressed. air illness, July, 1229 


Pain*, abdominal, in infants and 
children. May, 734 
intractable, subarachnoid alcohol 
injections for, Jan^ 264 
Pancreas, disease, diarrhea due to. 
May, 730 

enzj-mes, study of. May, 899 
Pancreatitis, acute. May, 782 
Paresthesia of stomach and bowels. 
May, 886 

'Paroxysms} tschycsrdis, March, 321 
Parsons-McConnell effective tern- 
perature chart, July, 1187 
Patch test in industrial dermatitis, 
Jan^ 23 

Pellagra, nicotinic acid in, Jau^ 56 
Pemphigoid, Jan., 86 
Pemphigus neonatorum, Jan., 86 
vulgaris, vitamin D in, Jan., 63 
Peptic ulcer. May, 645 

choice of treatment, Afay, 669 
constimtional diathesis, Afay, 
684 

gastroscopy in, Alay, 705, 706 
hemorrhage in, May, 658, 674 
management, Alay, 645 
neurohormonal relationships, 
Afay, 685 

pathogenesis, endocrine factors, 
Afay, 683 

perforated, Afarch, 363; Afay, 
674, 776 

preoperative and postoperative 
phj*siologic balance in, Afay, 
677 

surgical indications, Afay, 669 
with stenosis, Afay, 657 
Peristaltic uiurest, Afay, 884 
Peritoneal cavitj'-, acute hemorrhage 
into, Afay, 782 


Peritoneum, tuberculosis, Afarch, 
611 

Perleche, Jan., 172 
Personalit)*, worker’s, July, 1095 
Personnel of industrial medical 
service, July, 1006 
Phenolphthalein, sldn eruption due 
to, Jan., 143 

Phrenic nerve crushing in tubercu- 
losis, Afarch, 552 

Phjrsical agents, emergencies arising 
from, Afarch, 510 
allerg)', Afarch, 439 
examinations in industi)*, July, 
1012, 1019 
casual, July, 1014 
occupational, July, 1014 
periodic, July, 1014, 1030 
postsickness, July, 1031 
pre-emp]o)Tnenc, July, 1012, 
1019 

Physidsn, role of, in fndustr)', Ju/y, 
999 

Pilots, factor of fatigue in, July, 
1322 

selection of, July, 1325, 1326 
Pituitary factor in pathogenesis of 
peptic ulcer, Afay, 686 
Pityriasis rosea, Jan., 182 
rubra pilaris, vitamin A in, Jan., 

52 

Placenta praevia, Afarch, 500 
premature separation, Afarch, 497 
Plantar warts, /an, 191, 194 
radium treatment, Jan., 135 
Plasma administration in bums, 
Afarch, 510, 513 

Pleura, tuberculosis, Afarch, 609 
Pleuri^ with effusion in tubercu- 
losis, Afarch, 559 
Plumbism, July, 1267 
Pneumoconioses, July, 1239 
Pneumoconiosis, simple benign, 
July, 1243 

Pneumonia, aspiration, Jan., 253 
lobar, in irifants and children, 
Jan., 250 

rheumatic, Jan., 253 
tuberculous, Afarch, 561 
Pneumoperitoneum, artificial, in 
tuberculosis, Afarch, 553 
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— T crti4cii in tiii>£r- ! 
cnfoss. 549 [ 

5ron”£ons, JfLrrci, 42? 
in tni>£rcnlo;:s, - 63 

M~c'cl -59 

PoL'cnirdhs. bdbnr, M^it. 455 
Pobrns—n?- crseniccl, pvdcojins 

pc'.rsensirirr. cESmsis ccs lo. 
/—- 1-i. 19* 

Pe^nendre cisnlc svrmrcnns. 


PsvcbroniKer. sling, HSi, 

ilS2 

Pcinonnrv. See nko Lireg-i- 

tiircsnbosis nnd cnbolisa, d/nTrc. 

550. 415 

Purpnnu J^~ 1-5 
cilsisic, dtlnrcP- 443 
Pcsers cnlnndnE lodon. J^— 116 
Prloinc cbmxcdoa. >70 

P^oro=pnsn!. S55 
IVosenic infecncns of siin, /irr- 
'S?' _ 

Pvridoiine in sIca disenses. /nn_ :/ 


Pc-- 




Pcmss~2 iodide in brcnnhini nsd 
mn. .Ifc-fir. ^50 

nons'/L’v, 10l£ 1019 j 

Prtsnras. bicn, enects of. fulj, 1213 j 

Prcc:osgn:o:co$copr, 5>L;.i. 162 , Radon in skin cisensss. Jnn_ 137 

Pncos-enone in tnrentened ci>or- | Rarnenirs disense, Mffcb, 339 


OmnNS in Icnns erraemnsosns. 
/an. 42 

RinrcM treannenn of skin diseases, 
/an- 123. 132 

skin dnnngs fronn, /an- 137 


Rending problenns. 951 
Recccnpression in conspresed si; 
Hines, /nbi. 1233 


Renonnaissnni 
5 room en' 


of nro^- 


lern^Mr. 1163 

Kecnccolonic cisense. cingnosnc prr- 


dcn. .V.cTcb. 455 
/nTr. 1195 

lisn of. chinsr cw3n>cB~Qn. 

Jzdy. li^ 

essennnL /an_ K*^. 110, li" 
of scnip. Jan_ 11° 
seccndnnv, /an- 120 

vnime, Jan- IIS 
Psonnsis, Jan^ iST 
vf n— r-n D in. Jar;- €2 

Psvchnntric bnlk in indn.'nv. /nfi, j Resninaajrr . , . 

IWS , .lln-ar. 415 

pninnip!£& appPcnnon to incns- , f^ikre in diildnen. /.farad. 451 
. /n,b. 1101 ; P^e^nnon of cdne, none, Ms-cb. 


>lori 

i fcils» 3f-i. /'5 

! Regnig—non. /far. Vsi 
I Reni See also i2anr,T. 
i ccPa .Ifarae. 347 
I Resnnanon. arnncial- Scdiaefer 
inednod, .’.farad, 520 

enieTHennies 


vev. /ndr, 1055 
nes in 




I Rednn. cendnnenn. /lav, ctj 


^ /e.b. 1P^5 * “ * l£nins.“dslnf.a 

ja gsaerti 5 Ribonntfa in 'skin 


Psvchoses, tnnnn. 

pracncs. .’.farra. -ii 
manic-depressive, .’.fared, —33 


. _ nses, /an, 55 

, Kingsvoim. eczemntoid, /ar:- 107 

s-oa. ,-erapv, dfaraa. j of naiLs /“_ 160 
_ j of scab, I5I 
't . and propavtss, /ajr- 

lii 


Psvcbo.=cnnnna 


nestnnons of 
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Roentgen aspects of tnbercnlosis, 
March, 537, 615 
in infants, March, 580 
in juveniles, March, 588 
bums, vitaniin D in, Jan^ 63 
diagnosis of cardiac aneurysm 
May, 925 

of gastritis, May, 715 
of intestinal tuberculosis, Alay, 
826 

treatment of sldn diseases, Jan., 
123 

skin damage from, Jan., 137 
Roseola, Jan., 66, 178 
Rumination, May, 881 
Rnmpel-Leeds test for capillary 
fragility, Jan., 59 
Rupture of aorta, March, 331 
of uterus, March, SOS 


StUPiKcms, acute, Afay, 782 
Sanders oscillating bed, March, 337 
Scalp, pruritus, Jan., 119 
ringworm, /an, 161 
Scars, hj-pertrophic, radium treat- 
ment, Jan., 136 

Schaefer method of artificial respi- 
ration, March, 520 
SchiUer test, Jan., 213 
Scleroderma, vitamin D in, Jan., 63 
Scrofuloderma, Jan., 76 
Seborrheic dermatitis, Jan., 180 
wart, Jan., 191, 193 
Sedatives in alcoholism, March, 411 
in psj'choses, March, 407 
Serum reactions, March, 440 
sickness, March, 444 
Sex hormones in pathogenesis of 
peptic ulcer, May, 689 
Shock, March, 424 
heart in, March, 316 
in fractures, March, 479 
management, March, 425 
specific gravity test, March, 425 
Shwartzman phenomenon, Jan., 36 
Sickle cell anemia, Jan., 224 
Sickness absenteeism rates in indus- 
try, July, 1106 

benefit organizations, comparison 
of sickness rates, July, 1109 


Sickness, disabling, in industtv, 
factors concerned, July, 11 lO' 
measurement among industrial 
workers, July, 1105 
prevention, in industry, July, 1 145 
Sidero-silicosis, July, 1239 
Siderosis, July, 1239, 1243 
Sigmoidoscop)’, May, 763 
Sificosis, July, 1239, 1245 
rapidl}' developing, July, 1256 
tuberculosis and, July, 1249 
Silver nitrate in hemorrhagic pep- 
tic ulcer. May, 667 
in impetigo contagiosa, Jan., 171 
Sinuses, intracranial, thrombosis of, 
March, 330 

Skin cleansers, industrial, July, 1195, 
1203 

list of, giving composition, 
July, 1211 

synthetic wetting agents and 
detergents, July, 1204 
diseases, erythema group, etiology, 
Jan., 139 

in infants and children, Jan., 
163 

miscellaneous, Jan., 175 
radium treatment, Jan., 123, 132 
roentgen treatment, Jan., 123 
symposium on, Jan., I 
vitamin A and. May, 981 
vitamins in, Jan., 47 
fungous infections, Jan., IS I 
leukemic lesions, Jan., 3 
pyogenic infections, Jan., 83 
radiotherapy^ damage, Jan., 137 
syphih’ric lesions, Jan., 6S 
tests in gastro-intestinal allerg)’. 
May, 746 

tuberculosis, Jan., 74 

Sling psychrometer, July, 1181, 1182 

Soaps, use of, in industry, July, 
1203 . . 

Sodium bicarbonate in acidosts, 
March, 379 

Spastic colon, Jan., 227; May, 805 

Specific gravity test for shock, 
March, 425 

Splines, emergency, in fractures, 
March, 471-476 

Status asAmaticus, March, 432 
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Stippling of ervthrocjrtes in lead 
poisonina, /alj'i 126i 
Stomach, dhatanoa, acote, itsrcb, 
364 

diseases, sastroscopy in. May, 701 
hemoniage frofli, M^ck, 332, 
362 

psrchosomatic disorders, May, 
S77 

resection, sabcotal, for peptic 
tjlcer, May, 673 
secretory status, May, S95 
nicer. See Fcps'c wJcer. 

Strabismns, .Va,v, 9S9 
Sofibcatson, Msrcb, 523 
Snlfanikimde in erysipeks, ]m^ 91 
in Inpns ernhematostis, Jan, 44 
Solfathkzole in carbtmcle, Jan, 95 
in fnmnde, Jan, 94 
in impeago contagiosa, Jaw, 172 
Snlfoaamides in compoand frac- 
ture, M^rch, 491 
sWa emption dne to, Jan, 145 
therapy with, as hazard for work- 
ers widi industrial chemicals, 
]-Jy, 1137 

tiriaaiv Uthiasis folJowins, Mxrcb, 
352_' 

Sulfur in imperigo contagiosa, Jan, 
171 

Suprarenal. See Adrerul. 

Syncope in children, Msrcb, 449 
Syphilids, Jsn, 65 
Styihilis, cataneons, Jan, 63 
treatment, Jan, 7i 


TAcayctKDU, paroxysmal, .IJarch, 
321 

Temperarore, bodv, regnboon of, 
July, 1179 

effective, in iadustrv, }ulv, iisi, 
1185, 11S9 

Parsons-.McConnell chart, 
July, 1187 

environmental, measnrins Mr 
1181 

Thermometers for ait temperature, 
July, iisi 

Thiamine in alcoholism, Mtrck, 412 
in sldn diseases, Jan, 54 


"Thoracoplastv in tohercnlosis, 
March, 555 

Thromboan^ds obliterans, March, 
358 

Thrombophlebiris, peiipb erd, March, 
341 

Thrombosis, cerebral, March, 327 
mesenteric, March, 334; May, 781 
of intracranial siimses, March, 
330 

pnImonaiT, March, 330, 413 
Thrash, Jczr, 160 
Tinea, Jan, 151 
cnuis, Jen, 159 
marginamm, Jan, 159 
tonsErans, Jan, 161 
Tormina intestinornm nervosa, 
-5fay, SS4 

Tomc dermatoses, Jan, 139 
properties of selected less fa- 
rniliar metals, July, 1281 
' Tracheobronchial tuberculosis, 

I March, 564, 600 
Transfosiott, blood, in peptic nicer, 
.1/ay, 650 

test in hemorrhagic peptic nicer. 
May, 675 

Transportation in ftacrates, March, 
477 

Trauma of abdomen. May, 7S3 
of eyes, dfay, 953 
of heart, March, 317 
Trichomonas vaginitis, Jan, 203, 
205, 20S 

Trichophytin, Jarc, ISl 
Truck drivers, fatigue among, study 
of, July, 1125 
Tnbercnlids, Jan, 79, 147 
Tnherculin March, 538, 580 
Tnberculo-silicons, July, 1250 
Tuberculosis, anorectal, March, 59S 
as a compensation problem, July, 
1053 ’ 

cutaneous, Jan, "4 
cutis verrucosa, Jan^ 77 
esrrapttooaai)', March, 595 
Esstro-intestinal, March, 570, 596- 
May, 819 

gemco-urinary, March, 570, 604 
wantile, dfarch, 576 
wocnlatioa, Jm, 77, 78 
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Tuberculosis, intestiml, March, 596; 

819 

juvenile, March, 585 
medicolegal phases, in indnstrv, 

July, ms 

milia^, March, S6S, 602, 627 
in infants, March, 582 
of adrenal gland, March, 608 
of bones and joints, March, 605 
of ear, nose and throat, March, 
601 

of kidney, March, 603 
of larynx, March, 569, 599 
of lymph glands, March, 566, 607 
of meninges, March, 568, 60S 
of peritonenm, Afarcb, 611 
of pleura, March, 609 
pnlmonaiy, complications, man- 
agement, March, 559 
diagnosis, March, 527 
in children, March, SIS 
miniature film roentgen sur- 
vey, March, 634 
roentgen aspects, March, 615 
silicosis and, July, 1249 
treatment, March, 541 
in children, March, STS 
SYTTiposhmi on, March, 327 
tracheobronchial, March, 564, 
600 

Tuberculous pneumonia, March, 
561 

Tumors of rectum, Alay, 763 

ULXaAMOirrr light in erysipelas, 
Jan^ 91 

in impetigo contagiosa, Jan^ 172 

Uremic symptoms, postoperarive, 
March, SSS 

Urinaij’ lithiasis following sulfona- 
mides, Alarch, 3S2 

Urine, retention, acute, March, 343 

Urosastrone in peptic ulcer, Afay, 

6S3 

Urticaria, Jan^ 145; Alarcb, 437 
papular, of childhood, Jan^ 165 

Uterus, rupture, Alarcb, 503 

VacrsAL discharges, eriologic diag- 
nods, /an, 202 

Vagimtis, gonorrheal, Jan^ 203 


Vaginitis, mvcodc, Jan., 203, 207, 
209 

trichomonas, 203 , 205, 203 

Van den Bergh reaction, Alay, 901 
Varicose eczema with eczcmatids, 
Jan., lOS 

Varicosiries, Alarcb, 341 
Varnish remover dermatitis, Jan., 25 
Vascular emergencies, March, 325 
V'elometer, July, 172 
^’enons thrombosis, peripheral, 
March, 341 

Ventilation, exhaust, in factories, 
July, 1169 

in industn', July, IISS 
Verruca acuminata, Jan., 191 
vulgaris, Jan., 190 
X^osterol, Jan., 60 
Vision, vitamin A in. May, 96S 
\^tamin A, clinical considerations. 
Alay, 965 

\ltamin K therapeutic test, May, 
903 

therapy in liver dysfunction, 
Alay, 849 

Mtamins, deficiencies, primarv' and 
secondary, Jan., 49 
in dermatology, Jan., 47 
in ophthalmology, Alay, 959, 965 
in psychoses, March, 407 
supplementarjs in workers’ diets, 
July, 107S, 1155 
[ Volvulus, Alarcb, 366 
Vomiting in infants and children, 
Alay, 725 
nervous, Alay, 882 
Vulva, pruritus, Jan., 118 

AVarvs, Jan., 190 
flat, Jan., 191, 194 
plantar, Jan., 191, 194 
radium treatment, Jan., 135 
seborrheic, Jan., 191, 193 
Vetting agents for industrial 
cleansers, July, 1204 
Vork week, length of, in war, 
July, 1136 , 

Worken, industrial, diets of, July, 
1068, 1076, 1079, 1154 
ill health in, prevennon, July, 

1145 
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'Workers, sickness among, measure- 
ment. July. 1105 

\5’orkmen's compensation. July. 
1035 

administration of, July, 1040 
role of medicine, July. 1040 
development of, July, 1036 
insurance, July, 1043 
medical relationships, Julv, 
1044 

legal-medical problem, July, 


Ik'orfcmen's compensation, legisla- 
tive methods, July, 1039 
medicine and, July, 1035 
tuberculosis as problem. July, 
1053 

value of medical testimony, 
July, 1042 

AVorkroom environment, stndv of, 
July, 1163 

Yeast infection of lip. Jsn., 172 
of vagina, Jm., 203, 207, 209 



